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Post-Test Evaluation of the Geology, Geochemistry,
Microbiology, and Hydrology of the In Situ Air Stripping
Demonstration Site at the Savannah River Site

C. A. Eddy Dilek, B. B. Looney, T. C. Hazen, R. L. Nichols, C. B. Fliermans,
W. H. Parker, J. M. Dougherty, D. S. Kaback, and J. L. Simmons

Savannah River Technology Center
Westinghouse Savannah River Company
Aiken, SC 29802

Abstract

A full-scale demonstration of the use of horizontal wells for in situ air stripping for environment restoration was
completed as part of the Savannah River Integrated Demonstration Program. The demonstration of in situ air stripping
was the first in a series of demonstrations of innovative remediation technologies for the cleanup of sites contaminated
with volatile organic contaminants. The in situ air stripping system consisted of two directionally drilled wells that
delivered gases to and extract contamination from the subsurface. The demonstration was designed to remediate soils and
sediments in the unsaturated and saturated zones as well as groundwater contaminated with volatile organic compounds.
The demonstration successfully removed significant quantities of solvent from the subsurface. The field site and
horizontal wells were subsequently used for an in situ bioremediation demonstration during which methane was added to
the injected air. The field conditions documented herein represent the baseline status of the site for evaluating the in situ
bioremediation as well as the post-test conditions for the in situ air stripping demonstration. Characterization activities
focused on documenting the nature and distribution of contamination in the subsurface. The post-test characterization
activities discussed herein include results from the analysis of sediment samples, three-dimensional images of the pretest
and post-test data, contaminant inventories estimated from pretest and post-test models, a detailed lithologic cross
sections of the site, results of aquifer testing, and measurements of geotechnical parameters of undisturbed core
sediments.

The information in this report was developed during the course of work under Contract No. DE-AC09-89SR18035 with
the U. S. Department of Energy.
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Introduction and Background

The Integrated Demonstration Project at the Savannah
River Site is designed to evaluate innovative remediation
technologies for the restoration of sites contaminated with
volatile organic compounds (VOCs). Phase I of the Inte-
grated Demonstration Project focused on the application
and development of in situ air stripping technologies to
remediate soils and sediments above and below the water
table as well as groundwater contaminated with VOCs.
The objective of this report is to document post in situ air
stripping conditions at the Integrated Demonstration Site
to assess the effectiveness of the in situ air stripping dem-
onstration.

Two horizontal remediation wells were installed at the
field demonstration site as the nucleus of the soil and
groundwater clean up systems to be tested. One of the
wells, installed below the water table, provided access for
air injection to sparge volatile organic compounds (VOCs)
from the groundwater. The second well, installed above
the water table, was used for vacuum extraction of the
sparged contaminants, as well as removal of residual
VOC:s that had not yet reached the groundwater.

Extensive networks of pretest and post-test characteriza-
tion boreholes were installed during characterization activ-
ities at the Integrated Demonstration Site. These boreholes
were used to

* Characterize the lithology, stratigraphy, microbiology
and hydrology of the site.

* Determine the change in distribution and concentration
of contaminants prior and subsequent to the field test.

* Provide geologic and hydrologic parameters for input
into numerical models.

Several of the boreholes were completed as wells or as
access pipes and used to

« Monitor the pressures and concentrations of dissolved
constituents in the groundwater

* Monitor the pressure and concentration of gases in the
vadose zone.

+ Facilitate geophysical measurements.

The pretest report included a general site description,
stratigraphy, hydrology, type and location of pretest bor-
ings, sampling and analytical techniques for groundwater
and sediments, distribution of contaminants, and structural
and functional characterization of the subsurface microbi-
ological community (Eddy et al. 1991). This report
focuses on the delineating change in the distribution and
concentration of contamination, detailed discussion and
evaluations of the lithostratigraphic framework (detailed
cross sections, aquifer testing, etc.), and changes in the
subsurface microbial communities.

The field site and horizontal wells were subsequently used
for an in situ bioremediation demonstration during which
methane was added to the injected air. The conditions doc-
umented herein represent the baselinc status of the site for
evaluating the in situ bioremediation.
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General Site Description

Wells and Borings

Pretest characterization activities at the Integrated Demon-
stration Site are described in Eddy et al. (1991). The nature
and extent of solvent contamination was determined by
collecting sediment samples from 10 borings continuously
cored to a depth of 200 feet (MHT well clusters). Two of
the MHT well clusters were located northwest of the injec-
tion well (MHT1, MHT2), four were located between the
injection and the extraction wells (MHT4, MHT6, MHTS,
MHT10), and four were located to the southeast of the
extraction well (MHT3, MHTS, MHT7, MHT9) (Figure
1). The MHT clusters were completed as 4-inch monitor-
ing wells and consisted of a well screened in the water
table (designated with the suffix D) and a well screened
with 5-foot screens in the underlying semi-confined aqui-
fer at elevations ranging from 204 to 214 feet (suffix C).

In addition, samples were collected during pretest charac-
terization from five borings (designated by the prefix
MHV) that were cored to install piezometer clusters in the
vadose zone. MHV4 is located west of the injection and
extraction wells; MHV1, MHV3, and MHVS are located
between the vapor extraction and injection wells; and
MHV?2 is located east the injection and extraction wells
(Figure 1). These borings were drilled with a 6.25-inch
hollow stem auger and sampled with a split-spoon sampler
to at least 120 feet. Continuous sediment cores were col-
lected and analyzed for VOCs.

For the post-test characterization effort, cores were col-
lected, where possible, adjacent to each of the MHT and
MHY borings. Figure 1 shows the location of pretest and
post-test borings. During the post-test drilling in the inte-
rior portions of the site, it was not possible to drill to a
total depth of 200 feet adjacent to each of the original
locations because of the loss of drilling mud circulation.
As a result, samples from the interior portions of the site
were collected only to depths within the saturated zone
where the hole remained open. In this central portion of
the site, five continuous cores were split spooned to at
least the water table within 10 feet of the existing wells at
MHT1 (MHB-1T), MHT2 (MHB-2T), MHT4 (MHB-4T),
MHT6 (MHB-6T), and MHV1 (MHB-1V).

An additional 10 cores were collected to a depth of
approximately 200 feet. The holes were continuously split
spooned to just below the water table, and then wireline
punchcored to total depth. These cores were taken within

10 feet of the existing well clusters MHT3 (MHB-3T),
MHTS (MHB-5T), MHT7 (MHB-7T), MHT8 (MHB-8T),
MHT9 (MHT-9B), MHT10 (MHT-10B), MHV3 (MHB-
3V), MHV4 (MHT-11C), MHV5 (MHB-5V) as well as a
new cluster at MHT12. Four of the 10 continuously cored
holes (the holes near existing well clusters MHTY,
MHT10, and MHV4, and in addition, the new location
MHT12) were completed as standard SRS monitoring
wells meeting SRS specifications (3Q5). The wells are
identified as follows: MHT-9B, MHT-10B, MHT-11C
(near MHV4), and MHT-12C (northeast of the MHT9
cluster). Well locations are shown in Figure 1, well con-
struction details in Table 1, and well construction diagrams
for the new installations are provided in Appendix .

Geophysical logging, specifically gamma ray and resitiv-

-ity (16 and 64 inches), was conducted on the post-test

boreholes that were completed as monitoring wells (MHT-
9B, MHT-10B, MHT-11C and MHT-12C). Because the
original borehole cluster locations (MHT-10) were logged
during pretest activities, the post-test boreholes were not
logged. Geologic logs of the post-test cores were prepared
in the field: samples were collected at 5-foot intervals and
at major lithology changes for VOC analyses, and samples
for microbiological analyses were collected at 10-foot
intervals.

The MHT cores were microscopically examined in the
SRL core-logging laboratory. Sand (grains 0.0625-2 mm),
gravel (grains >2 mm), clay (grains <0.0625 mm), and car-
bonate percentages were detecrmined, as were the musco-
vite, lignite, glauconite, and sulfide content of the cores
(ESSOP-2-15: Microscopic Examination of Sediment
Cores).

An additional two vadose zone borings (MHVS and 9)
requested by the Monitoring Technical Support Group
were drilled with a hollow stem auger. These wells have
multiple screen zones and were used to evaluate innova-
tive monitoring characterization technologies (Table 2).
The screened zones were gravel packed and the interven-
ing zones were sealed with bentonite.

During the in situ air stripping demonstration, water sam-
ples from the MHT welis were collected every two weeks
and analyzed for VOCs, pH, temperature, conductivity,
dissolved oxygen, Eh, and microbial populations. VOC
analyses of groundwater are provided in Looney et al.
(1991).
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Table 1. Monitoring Well Completion Details. All pretest borings were completed as monitoring wells. (Locations
of monitoring wells shown in Figure 1.)
Well ID SRS SRS Ground TOC  Riser Pad Topof Bot.of Topof Bottom
East North Elev Elev Elev Elev Screen Screen Filter Pack
(ft) ()] (fr) (fv) (ft) (ft) (ft) (fe) (fe) (ft) (ft)
PRETEST

MHT-1C  48765.60 102706.80 362.3 364.99 365.17 362.8 209.3 2043 211.2 2003
MHT-1D 4876021 102697.34 362.0 364.47 NS 3625 2375 2175 241.0 216.0
MHT-2C 48780.28 102747.08 363.7 366.28 366.46 3642 211.7 206.7 215.1 203.7
MHT-2D 48784.24 102756.60 363.9 367.28 367.46 364.4 240.1 2195 2427 2186
MHT-3C 48861.11 10270433 362.2 364.92 365.09 3627 2092 2042 2125 2002
MHT-3D 48856.75 102694.60 361.7 364.36 364.70 3622  236.7 216.7 240.1 2153
MHT-4C 48863.53 102778.90 3672 369.62 369.79 367.5 2132 2082 2163 203.2
MHT-4D 48857.11 102772.12 366.6 368.94 NS 3669 2416 221.6 2449 2196
MHT-5C  48905.88 102725.11 363.6 366.28 366.45 3642 209.6 2046 2149  201.1
MHT-SD  48893.54 102721.66 363.5 366.05 366.36 364.0 240.0 2199 218.6 2185
MHT-6C 48900.03 102810.82 369.3 371.79 37197 369.6 2123 2073 2153 2013
MHT-6D 48891.01 102808.16 369.1 371.36 NS  369.5 244.1 2241 2470 2221
- MHT-7C  48977.48 102788.85 367.5 370.10 370.30 368.0 211.5 206.5 2164 2005
MHT-7D  48967.28 102786.76 367.4  370.09 NS 3679 2394 2194 246.0 2194
MHT-8C  48970.24 102880.69 368.8 371.64 371.80 369.3 211.8 2068 2145 201.8
MHT-8D 48960.71 102875.76 369.1 371.77 NS 3696 2401 2201 2435 219.1
MHT-9C 4901558 102814.40 3673 369.71 369.88 367.8 2143 2093 2157 205.8
MHT-9D 49018.07 102805.14 3672 369.85 370.02 367.7 2422 2222 246.6 2208
MHT-10C 49011.57 102892.30 368.4 370.82 371.11 368.9 2114 206.4 213.4 203.4
MHT-10D 49001.21 102890.12 368.5 371.04 NS  369.0 2395 2195 2429 217.5

NS Not surveyed.

Geophysical logging was conducted on all pretest boreholes.
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Table 1. contd
Well ID SRS SRS Ground TOC  Riser Pad Topof Bot.of Topof Bottom
East North Elev Elev Elev Elev Screen Screen Filter Pack
(ft) (ft) (ft) (fv) (fv (fo (fv (ft) (ft) (ft) (fe)

POST-TEST

MHB-1T 4877342 10271532 362.8 NA NA NA NA NA NA NA
MHB-2T 48788.36 102769.62 365.0 NA NA NA NA NA NA NA
MHB-3T 48865.85 102716.60 363.4 NA NA NA NA NA NA NA
MHB-4T 48875.56 102788.86 368.2 NA NA NA NA NA NA NA
MHB-5T 48918.98 102729.72 364.8 NA NA NA NA NA NA NA
MHB-6T 48908.99 102801.67 369.0 NA NA NA NA NA NA NA
MHB-7T 48979.16 102776.73 366.8 NA NA NA NA NA NA NA
MHB-8T 48983.02 102886.60 368.7 NA NA NA NA NA NA NA
MHT-9B  49031.83 102814.27 366.9 NS NS NS 1715 1765 166.25 199
MHT-10B  49026.04 102894.87 368.3 NS NS NS 171.0 1760 16690 182
MHB-1V 48836.29 102731.88 362.5 NA NA NA NA NA NA NA
MHB-3V ND ND ND NA NA NA NA NA NA NA
MHT-11C* 48846.07 102854.00 3658 368.25 368.43 366.2

MHT-12C  49061.70 102844.83 367.5 370.18 37036 367.9

MHB-5V 48922.65 102889.52 369.0 NA NA NA NA NA NA NA

NA Not applicable; borehole was not completed as a well.

NS Not surveyed.

ND Borehole was not completed as a well; grouted hole could not be located for survey. Coordinates within 10 feet of
MHYV3.

* This hole corresponds to the pretest boring MHV4.

Well IDs shown in bold indicate boring completed as monitoring well.
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Table 2, Screen Elevations for MHV8 and MHV9

Well ID Top of Screen Bottom of Screen Screen Length

Depth (ft) Elevation (ft) Depth (ft) Elevation (ft) (ft)

MHVS 3425 32295 36.55 320.65 2.30
48846.34, 102610.28 53.90 303.30 56.17 301.03 227
Ground Elevation 357.2 61.18 296.02 63.47 293.73 2.29
7248 284.72 74.75 282.45 2.27

88.77 268.43 91.04 266.16 227

103.00 25420 105.26 251.94 2.26

114.23 242.97 116.53 240.67 2.30

MHV9 24.23 343.07 26.5 340.80 2.27
49046.69, 102830.07 48.89 318.41 51.16 316.14 227
Elevation not surveyed 64.2 303.10 66.48 300.82 2.28
75.46 291.84 77.73 289.57 227

86.71 280.57 88.98 278.32 227

99.03 268.27 101.31 265.99 2.28

112.38 254.92 114.66 252.64 2.28

119.72 247.58 122 245.30 2.28
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Figure 1. Location of Pretest () and Post-Test ( ) Borings
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Stratigraphy

The regional stratigraphy of shallow sediments and a gen-
eralized hydrostratigraphic section of the Integrated Dem-
onstration Site are presented in Eddy et al. (1991). As part
of the continuing characterization activities, a detailed
lithostratigraphic cross section that transects the Integrated
Demonstration Site along an east-west trend was prepared
(Plate 1).

Detailed laboratory descriptions of core samples were
used to make the stratigraphic correlations. Well locations,
elevation, and total drill-core depth for the wells used in
the cross section are summarized in Table 3. The location
of the cross section relative to the MHT well clusters and
AMH horizontal wells is shown in Figure 2. Laboratory
core descriptions of the MHT wells are provided in
Appendix II. Continuous core and split-spoon samples
were available for all of the wells except MSB-11.

Methods

All core descriptions were done using the standard WSRC
core logging procedure (ESSOP-2-15: Microscopic Exam-
ination of Sediment Cores). Descriptions made using this
procedure reflect a “whole-rock” lithologic classification
of the sediment as samples are homogenized over a given
1-foot interval for examination. Variations at a scale of
less than a foot are not reflected in the descriptions. Hence,
these descriptions do not necessarily account for lithologic
interpretation based on depositional geometry. For exam-
ple, an interval containing 40% sand-sized material and
60% mud-sized material in discrete interbeds would be
classified as a sandy clay. An interval containing the same
percentage distributions but with the mud fraction dis-
persed throughout the interval as matrix would also be
classified as a sandy clay. It should be noted that two such
intervals will appear identical on a geologic cross section
despite significant differences in depositional environment
and hydrologic properties. As discussed below, descriptive
codes and text relating to color, banding, and other fea-
tures of the core are entered into the database. While they
are not explicitly shown on the cross section, these data
were used in some cases in developing the picks for the
various layers.

Lithologic data were plotted on hydrogeologic cross sec-
tions along with geophysical logs for each well. Correla-
tion of lithology follows standard practices of geophysical
log correlation with extensive use of the detailed core
description for identifying correlative sediment layers.

When possible, actual core samples were compared to
determine correlative layers and lateral extent of individ-
ual lithologic units. It should be noted that correlations
shown on the cross sections link intervals of similar
“whole rock” lithology and did not necessarily represent
continuous layers of clay, clayey sand, etc. This applies
especially to the clay layers shown in the upper parts of
the cross sections.

Hydrostratigraphic picks for the confining zones were
made using geophysical and lithologic data. Low resistiv-
ity values and low estimated porosity values (per ESSOP-
2-15) were used to determine the vertical extent of the
confining zones. In general, porosity values estimated as
moderate or poor corresponded to low resistivity values
and were considered to be “confining”. Tops and bottoms

of confining zones were defined at transitions from low

porosity to better porosity in adjacent sand. Confining
zones were delineated to encompass all sediments that
showed low overall porosity and resistivity values. Con-
fining zones may include sand layers where the layers
were bounded by substantial clayey layers or where the
sand contained moderate amounts of interstitial mud.
Boundaries of confining zones were set at clay-sand or
clayey sand-sand transitions where estimated porosity and
resistivity increased, and the lithology remained relatively
clean of appreciable mud for scveral feet.

Lithostratigraphy

The Savannah River Site (SRS) is located on the Atlantic
Coastal Plain, which consists of a wedge of unconsoli-
dated and semi-consolidated sediments that increases in
thickness from zero at the contact with Paleozoic and pre-
Cambrian basement rocks to the west of SRS to 4000 feet
at the South Carolina coastline. The Coastal Plain sedi-
ments are approximately 1000 feet thick at SRS, range in
age from Late Cretaceous to Recent, and consist of strati-
fied clay, sand, gravel, and variable amounts of limestone.
In general, these sediments dip gently to the southeast.

The sediments within 200 feet of the surface are of interest
to this study. They consist of sands, sandy clays, clayey
sands, and clays deposited from the Middle to Upper
Eocene in shaliow marine, lagoonal, or fluvial environ-
ments. As a result, the sequence lacks the lateral continuity
typically found in sediments formed in deep marine envi-
ronments.
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Lithostratigraphic units identified during the core-logging
process include (starting at ground surface) the Upland
Unit, the Tobacco Road Sand, and the Congaree, Warley
Hill, Santee, and Dry Branch Formations. Underlying
these zones are sediments of Tertiary to Cretaceous age
and regional bedrock that are not affected by field demon-
stration operations. A brief lithologic description of each
of the shallow formations and its members is provided
below. The elevation picks and criteria for each zone are
illustrated using the logs for well MHT-1C (Plate 1).

Congaree/Fishburne Formations
(192.3 feet-TD)

The Congaree/Fishburne Formations (undifferentiated)
consist primarily of yellowish to grayish orange, well-
sorted, medium-grained sand. These formations contain
minor amounts of interbedded light gray clay and wisps of
light gray clay. The contact with the underlying Williams-
burg/Ellenton Formations is unconformable in this vicin-
ity. The Williamsburg and Ellenton Formations contain
substantial quantities of clay and act as an aquitard in this
vicinity, essentially limiting the vertical extent of flow to
the overlying zones.

Warley Hill Formation

(222.3-192.3 feet)

The Warley Hill Formation includes yellowish orange,
fine- to coarse-grained, moderately sorted sand with inter-
bedded sandy clay and clayey sand. Small, discontinuous
layers of shelly sand with shell fragments up to 4 mm in
diameter are present in some of the cores in this vicinity.
The lower part of the Warley Hill contains a prominent
layer of tan to grayish brown, soft, sandy clay with brown-
ish purple mottling. This basal clay is informally referred
to as the “green clay” at SRS. The contact with the under-
lying Congaree Formation appears to be conformable in
this vicinity.

Santee Formation

(262.3-222.3 feet)

The Santee Formation consists of brown to tan to yellow-
ish orange, fine- to coarse-grained sand with abundant
interbeds of clayey sand, sandy clay, and clay. Layers of
gravely sand are common. The contact of the Santee with
the underlying Warley Hill Formation appears to be con-
formabile in this area.

Dry Branch Formation

(298.3-262.3 feet)

The Dry Branch Formation is typically a light brown to
tan, medium- to coarse-grained, moderately sorted sand
with interbedded clayey sand, sandy clay, and clay. The
contact with the underlying Santee Formation is uncon-
formable (Aadland et al.1992). The clay-rich tan clay lay-
ers near the base of this unit are informally referred to as
the “tan clay” at SRS.

Tobacco Road Sand

(306.3-298.3 feet)

The Tobacco Road Sand consists of light grayish purple to
moderate reddish purple, medium- to fine-grained sand
with approximately 15% interstitial mud. Wisps of clay
are common. The Tobacco Road is very thin in this well
because of an erosional unconformity at the base of the
Upland Unit. The basal parts of the unit tend to contain
more clay (up to 25%) and gravel (up to 10%). The contact
with the underlying Dry Branch Formation appears to be
conformable in this vicinity and is marked on the geophys-
ical log by a prominent gamma ray spike at approximately
300 feet elevation.

Upland Unit
(362.3-306.3 feet)

The Upland Unit is reddish orange to brown to purple with
a highly variable lithology. Thc sediments range from
poorly sorted, gravely sand to clay containing virtually no
sand. Gravel-sized clay balls are common. The Upland
Unit has a distinctive speckled appearance in sandier lay-
ers. The contact with the underlying Tobacco Road Sand is
unconformable.

Hydrostratigraphy

The interbedded sand clay and silt provide the framework
that governs the flow of fluids (gases and liquids) in the
subsurface. The water table is at an elevation of approxi-
mately 230 feet above mean sea level (msl) (a depth of
approximately 130 to 140 feet below surface) at the dem-
onstration site. The sitewide and local hydrostratigraphy,
subsurface hydrologic properties, initial hydrologic condi-
tions, and vadose zone properties were addressed in the
pretest characterization report (WSRC-RD-91-21).
Recharge to the groundwater in this area is due primarily
to infiltration of rainwater. Depending on rainfall intensity
and vegetation, yearly infiltration of 6-20 inches is
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expected (Hubbard 1986). After reaching the water table,
the groundwater flows downward and laterally, depending
on the proximity to downgradient hydrologic boundaries/
drains (nearby streams and Upper Three Runs Creek). The
vertical and horizontal flow rates and directions vary in the
different water-bearing zones beneath the site

The contaminants at the field demonstration site and zone
of influence of the in situ air stripping system are located
in the vadose zone and the upper water-bearing zones at
SRS. This system consists of three water-bearing zones
separated by less permeable aquitards. The water table is
located at an elevation of approximately 230 feet above
msl in relatively fine-grained and highly variable sedi-
ments. The water table is separated from a semi-confined
zone by a thin and somewhat discontinuous aquitard that
occurs at an elevation of approximately 225 feet. The
semi-confined zone is separated from a confined zone by
the “green clay” at an elevation of approximately 200 feet.
The bottom of the confined zone is defined by clays of the
Ellenton Formation at an elevation of approximately 150
feet above msl. The horizontal injection well is completed
in the semi-confined zone near the wellhead and dips into
the confined zone near the distal end of the horizontal per-
forated section.

All of the water-bearing zones influenced by the remedia-
tion, characterization, and monitoring tests at the Inte-
grated Demonstration Site are in the Tertiary sediments
above the Williamsburg/Ellenton Formations. These upper
zones have been designated as the Steed Pond aquifer unit
(Aadland et al. 1992). In A/M Area, this unit is informally
divided into the basal “Lost Lake” aquifer zone and the
upper “M-Area” aquifer zone by the “green clay” confin-
ing zone.

Eddy et al. (1991) delineated four semi-confining/confin-
ing zones in this vicinity, naming them for the approxi-
mate elevations at which they were found (Figure 3). The
upper three zones are semi-confining, clay-rich or inter-
bedded zones all above or within the “M-Area” aquifer
zone. These are, from the top down, the “325-foot clay”,
“300-foot clay”, and “270-foot clay” (“tan clay”) zones.
The “325-foot clay” and the “300-foot clay” are in the
vadose zone, impacting the flow of gases above the water
table and recharge of air and water from the ground sur-
face. The “270-foot clay” is an interbedded zone that
extends below the water table; the lower portion of this
zone separates the water table from a semi-confined zone.
The fourth (lowermost) zone is named the “200-foot clay”
confining zone. This zone corresponds to the “green clay”
confining zone of the Steed Pond aquifer, separating the
“M-Area” aquifer zone from the “Lost Lake™” aquifer zone.

Hydrostratigraphic picks for these zones were determined
from the cross section and are summarized in Tables 4-7.
The cross section illustrates that the upper three confining
zones are within the vadose zone beneath the Integrated
Demonstration Site (Plate 1).

Vadose Zone

The “325-foot clay” varies in thickness across the Inte-
grated Demonstration Site from 1 to 21 feet. The confining
zone consists of sediments assigned to the Upland Unit.
The “325-foot clay” comprises layers of clayey sand,
sandy clay, and clay, with subordinate sand layers. Very
few individual clay layers exceed 1 foot in thickness. The
majority of the clay and sandy clay consist of interbedded
sand and clay. There is textural evidence indicating that
many of the 1-foot intervals logged as clay and sandy clay,
especially near the base of the zone, are cobble to boulder-
sized clasts of clay (“clay balls”) eroded from the underly-
ing sediments or small lenticular clay lenses. The esti-
mated porosity ranges from poor in the clay and sandy
clay to good in interbedded sand (ESSOP-2-15).

The “300-foot clay” confining zone consists of clayey
sand and subordinate, interbedded sand that is very dis-
continuous beneath the Integrated Demonstration Site.
This zone was identified in only five of the MHT wells,
where it varies in thickness from less than a foot to 10 feet
and consists of clayey sand with subordinate interbedded
sand. The estimated porosity is primarily moderate
(ESSOP-2-15).

The “tan clay” zone (“270-foot clay” of Eddy et al. 1991)
comprises three intervals of clay and clayey sand, two of *
which are from the upper parts of the Santee Formation
and the third from the lower Dry Branch Formation. The
“270-foot clay” varies in thickness from 12 to greater than
34 feet at the Integrated Demonstration Site. Distribution
of the clay and sandy clay is somewhat sporadic across the
area, especially in the uppermost clayey interval.. The
“270-foot clay” consists of clay and sandy clay interbed-
ded with sand that contains moderate to minor amounts of
interstitial mud. The estimated porosity ranges from poor
in the clay and sandy clay to moderate to excellent in
interbedded sand layers (ESSOP-2-15).

Water Table and Semi-confined Zones

The water table and semi-confined zones are within the
“M-Area” aquifer zone (Aadland 1992), the upper zone of
the Steed Pond Aquifer. This zone consists of relatively
clean sand and minor interbedded clayey sand and gravely
sand of the Santee Formation. These layers consists of
interbedded sand and shelly sand with shell fragments up
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to 4 mm in diameter. Small, discontinuous layers of cal-
carcous material are present within the “M-Area” aquifer
zone in cores MHT-4C, MHT-6C, and MHT-10C (Plate 1).
The estimated porosity of this zone varies with mud con-
tent and ranges from moderate to excellent (ESSOP-2-15).
A thin and somewhat discontinuous aquitard, which may
correspond to the calcareous layer, is present within this
zone at approximately 215-foot elevation, separating the
water table and semi-confined zones. Flow in these zones
is relatively slow for both downward (predominant) and
lateral components.

Confined Zone

The “green clay” confining zone (“200-foot clay”) is later-
ally continuous beneath the Integrated Demonstration Site.
The zone ranges in thickness from 1 to 7 feet.

The “green clay” confining zone consists of the sandy clay
and clayey sand of the lower Warley Hill Formation. Sedi-
ments show an overall decrease in mud content and poros-
ity toward the northeast. The “green clay” consists of up to
three lobes of clayey material. In the vicinity of the Inte-
grated Demonstration Site, the “green clay” consists of a
single layer of soft, dense clay and clayey sand that is tan
in color with brownish-purple mottling.

The confined zone beneath the site is within the “Lost
Lake” aquifer zone. This zone includes sand and clayey

sand of the Congaree Formation and the lowermost part of
the Warley Hill Formation below the “green clay” confin-
ing zone. Estimated porosity ranges from moderate to
excellent (ESSOP-2-15). Flow in this zone is both lateral
(predominant, toward Upper Three Runs Creek) and
downward.

Summary

The hydrostratigraphy beneath the Integrated Demonstra-
tion Site is illustrated graphically on the hydrogeologic
cross section and includes at least four confining zones,
three of which are above the water table in this vicinity
(Plate 1). The cross section illustrates the intercalated
geology of the confining zones and demonstrates the over-
all discontinuity of the individual clayey layers within
each zone. Lithologic data and correlations indicate that
overall lateral continuity within the confining zones
increases downward. The “green clay” confining zone has
the greatest lateral continuity of the four, but is the thin-
nest. The “green clay” is the only individual clayey layer
that can be traced across the area. The clay layers within
the “270-foot clay” are somewhat better organized, but
individual beds cannot be correlated across the area with
any degree of confidence. Clay layers of the “325-foot
clay” confining zone are different from one another in
adjacent wells and probably represent localized, lenticular
clay bodies or zones rich in cobble and boulder-sized clay
clasts.

Table 3. Location, Total Depth, and Elevation of Wells Used in Cross Sections
SRS Ground Core
WellID Easting Northing Elevation Total Depth

{ft msl) (ft)

MHT-1C 48765.60 102706.80 362.32 198

MHT-4C 48863.53 102778.90 367.22 191

MHT-6C 48900.03 102810.82 369.32 190

MHT-8C 48970.24 102880.69 368.82 198

MHT-10C 49011.57 102892.30 368.42 197

MSB11 48577.60 102638.90 363.00 240¢

a__Ground elevation from Eddy et al. 1991

b Ground elevation for MSB11A; taken from SRS Well Inventory, October 1991
¢ Total depth of exploration; core is not available for this well.
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Table 4.

Table 5.

Table 6.

Picks for the "325-foot Clay" Zone

Ground Depth Depth Elevation Elevation Unit
WellID Elevation Top Bottom  Top Bottom  Thickness
(ft msl) (ft) (ft) (ftmsl)  (ft msl) (ft)

MHT-1C 3623 36.0 43.0 326.3 3193 7.0
MHT-4C 367.2 36.0 52.0 3312 315.2 16.0
MHT-6C 369.3 44.0 57.0 3253 3123 13.0
MHT-8C 368.8 350 44.0 333.8 324.8 9.0
MHT-10C 3684 34.0 55.0 3344 3134 21.0

MSB11* 363.0 absent absent absent absent absent

* Picks from MSB11 are based on geophysical data only; core is not available for this well.

Picks for the "300-foot Clay" Zone

Ground Depth Depth  Elevation Elevation Unit
WellID Elevation Top Bottom Top Bottom Thickness

(ft msh) (ft) (ft) (ft msl) (ft msl) (ft)
MHT-1C 362.3 absent absent absent absent absent
MHT-4C 367.2 58.0 61.0 309.2 306.2 3.0
MHT-6C 369.3 absent absent absent absent absent
MHT-8C 368.8 absent absent absent absent absent

MHT-10C  368.4 absent absent absent absent absent
MSB11* 363.0 absent absent absent absent absent

* Picks from MSB11 are based on geophysical data only; core is not available for this well.

Picks for the "270-foot Clay” (“tan clay™) Zone

Ground Depth  Depth  Elevation Elevation Unit
WellID Elevation Top Bottom Top Bottom  Thickness

(ft msl) (ft) (ft) (ft msl) (ft msl) (ft)
MHT-1C 362.3 87.0 102.0 2753 260.3 15.0
MHT-4C 3672 95.0 120.0 2722 247.2 25.0
MHT-6C 369.3 110.8 133.0 258.5 236.3 222
MHT-8C 368.8 97.0 129.0 271.8 239.8 32.0
MHT-10C 3684 95.0 129.0 2734 2394 34.0
MSB11* 363.0 94.0 1110 269.0 2520 17.0

* Picks from MSB11 are based on geophysical data only; core is not availabie for this well.
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Table 7. Picks for the "200-Foot (“green clay™) Zone

Ground Depth Depth Elevation Elevation Unit
WellID Elevation Top Bottom Top Bottom  Thickness
(ft msl) (ft) (ft) (ftmsl)  (ft msD (ft)

MHT-1C 3623 161.0 1630 201.3 199.3 2.0
MHT-4C 367.2 163.0 166.0 204.2 201.2 3.0
MHT-6C 369.3 1680 1700 2013 199.3 2.0
MHT-8C 368.8 1670 168.0 201.8 2008 1.0
MHT-10C  368.4 1660  168.0 2024 2004 2.0
MSB11*  363.0 163.0 1670 200.0 196.0 4.0

* Picks from MSB11 are based on geophysical data only; core is not available for this well.
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Figure 2. Location of Cross Section Relative to MHT Well Clusters
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Geotechnical Characteristics of Undisturbed Samples

Methods

Undisturbed samples for geotechnical laboratory testing
were collected with thin-walled samplers (Shelby tubes)
during post-test characterization. Eighteen samples were
collected from six borings. Sampling intervals were cho-
sen so that samples would represent the full range of litho-
logic variation at the Integrated Demonstration Site (Table
8). Specific parameters determined include the following:

+ vertical and horizontal permeability

* specific gravity

* mechanical grain size

* hydrometric grain size for fine grained samples

* Atterberg liquid and plastic limits

* water retention characteristics, including both drainage
and wetting curves

* unconfined compressive strength

* porosity

*+ dry unit weight and moisture content

+ total organic carbon, cation exchange capacity, and
exchangeable acidity

Results from these studies are included in Tables 9 to 19
and a description of methods used are tabulated in Table
20. Composite samples were used for the sieve and
hydrometer analyses, Atterberg limits, specific gravity, and
analytical testing to provide representative and uniform
samples. Individual portions of each Shelby tube were
used for vertical and horizontal permeability, water reten-
tion, drainage and wetting, unconfined compressive
strength, dry unit weight, moisture content, and unit
weight.

Results

Vertical and Horizontal Permeability

Vertical and horizontal permeability tests were performed
on a majority of the samples and the data are summarized
in Table 9. All of the 18 samples were tested to determine
vertical permeability; only samples with a vertical perme-
ability less than 5 x 107 cm/sec were subsequently tested
to determine horizontal permeability (12 of 18). The hori-
zontal permeability specimens determined from samples
MHT-1T (31-33-foot depth), MHB-4T (40-42 feet), and
MHT-11C (165-167.75 feet) were trimmed from the verti-
cal specimens because of the lack of suitable materials.
The permeability measured in sample MHT-1T (31-33

feet) was not representative of the core material because
the wax used to seal the sample tubes in the field had pen-
etrated the measured material. The actual permeability of
this sample was estimated to be no higher than approxi-
mately one-half to one order of magnitude greater.

Vertical permeability ranged from 6.2 x 109 10 1.5 x 10
cmy/sec, and horizontal permeability from 1.2 x 1081012
x 10" cm/sec. The measured values of horizontal and ver-
tical permeability agreed within an order of magnitude for
all samples where both parameters were measured. This
indicated that the permeability distribution over a 6-inch
core was relatively homogeneous. It is anticipated that at
larger scale, the variation in permeability in the vertical
relative to the horizontal should increase because of the
layered structure of the sediments.

Specific Gravity

The specific gravities of the samples ranged from 2.53 to
2.72. This is a typical range for soil and sediments. The
data are presented in Table 10.

Mechanical Grain Size

The majority of the 18 samples tested for mechanical grain
size were classified as sand or silt and clay. The results are
presented in Table 11.

Hydrometer Analysis

The hydrometer analysis was performed on only seven
fine-grained samples (i.e., those samples that had more
than 25% of the sample passing the #200 sieve, as deter-
mined during the mechanical grain-size testing). .The
results of these data are presented in Table 12.

Atterberg Liquid and Plastic Limits

Eleven samples were tested for Atterberg liquid and plastic
limits. Samples judged to be non-plastic based on visual
and grain-size characterization were not tested for Atter-
berg limits. The range of liquid limits for the soil samples
tested were between 28% and 95%. Plastic limits varied
between 18% and 31%. The results of these analysis are
presented in Table 13. Coefficients of uniformity and cur-
vature are presented for samples that had low liquid and
plastic limits or were non-plastic.
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Water Retention—Drainage and Wetting

Drainage and wetting water retention tests were performed
on the soil samples. The results of these tests are presented
in Tables 14 and 15.

Unconfined Comprehensive Strength

Seventeen samples were tested for unconfined compres-
sive strength. One sample was not tested because of deteri-
oration prior to testing. Results of the unconfined
compressive strength tests ranged from 0.47 to 31.39 psi.
The data are presented in Table 16.

Porosity

The porosity of samples tested for horizontal and vertical
permeability was measured for each tested sample. Poros-
ity ranged from 34.7% to 66.7% for the vertical samples
and from 34.8% to 74.2% for the horizontal samples. As
expected, the porosity was higher in the clay-rich samples.
Differences in porosity within a given sample tested for
horizontal and vertical permeability was due to the fact
that different portions of the same Shelby tube sample
were analyzed. The results are presented in Table 17.

Dry Unit Weight, Moisture Content, and Unit
Weight

Dry unit weight and moisture content were measured for
each geotechnical specimen tested for hydraulic conduc-
tivity and unconsolidated compressive strength. The dif-
ferences measured within a sample can be attributed to
using different portions of the same Shelby tube for deter-
mination of horizontal and vertical conductivity. These
data are presented in Table 18. Moisture contents were
measured from composite samples and were not consid-
ered representative of field measurements.

Total Organic Carbon, Cation Exchange
Capacity, and Exchangeable Acidity

Total organic carbon levels ranged from nondetectable to
4000 mg/kg and exchangeable acidity from nondetectable
to 4200 mg/kg. The measured values for cation exchange
capacity were between 2.3 and 21 meq/100 g. These data
are presented in Table 19.

Table 8.

Stratigraphic Unit and Soil Classification for Samples Selected for Analysis

Sample No. (depth in ft)
MHB-1T (31-33)
MHB-1T (4042)
MHB-1T (56-58)
MHB-1T (80-82)
MHB-1T (100-102)
MHB-1T (110-112)
MHB-1T (130-131.3)
MHB-4T (40-42)
MHB-4T (60-62)
MHB-4T (70-72)
MHB-4T (80-82)
MHB-4T (110-112)
MHB-8T (155-157)
MHB-8T (170-171)
MHT-10B (201-201.7)
MHT-11C (165-167.75)
MHT-11C (200-202.4)
MHT-12C (200-202.2)

Stratigraphic Unit Soil Classification
Upland Unit clayey sand
Upland Unit sandy fat clay
Tobacco Road Sand “silty sand

Dry Branch Formation
Santee Formation
Santee Formation
Santee Formation
Upland Unit

Tobacco Road Sand
Dry Branch Formation
Dry Branch Formation
Santee Formation
Warley Hill Formation
Warley Hill Formation
Congaree Formation
Warley Hill Formation
Congaree Formation
Congaree Formation

poorly graded sand w/ siit
poorly graded sand w/ silt
sandy fat clay

poorly graded sand w/ silt
sandy fat clay

clayey sand

clayey sand

poorly graded sand w/ siit
sandy fat clay

silty sand

clayey sand

poorly graded sand w/ silt
clayey sand

poorly graded sand w/ siit
poorly graded sand
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Table 9.

Table 10.

Vertical and Horizontal Permeability

Vertical Horizontal
Sample No. (depth in ft) Soil Classification Permeability Permeability
(cm/sec) {cm/sec)
MHB-1T (31-33)* clayey sand 18x10° 45x10%
MHB-1T (40—42) sandy fat clay 35x10°% 42x10%8
MHB-1T (56-58) silty sand 33x10% 7.8x 107
MHB-1T (80-82) poorly graded sand w/ silt 1.5x103 NT
MHB-1T (100-102) poorly graded sand w/ silt 55x%10% NT
MHB-1T (110-112) sandy fat clay 4.0x 10 NT
MHB-1T (130-131.3) poorly graded sand w/ silt 1.1x10° NT
MHB-4T (40-42) sandy fat clay 4.0x107 3.7x107
MHB-4T (60-62) clayey sand 5.6x10% NT
MHBH4T (70-72) clayey sand 4.0x107 1.9x 107
MHB-4T (80-82) poorly graded sand w/ silt 14x 103 NT
MHB-4T (110-112) sandy fat clay 6.2x10° 12x108
MHB-8T (155-157) silty sand 3.4x107 3.4x 107
MHB-8T (170-171) clayey sand 4.0x107 55x 107
MHT-10B (201-201.7) poorly graded sand w/ silt 43x107 45x10%
MHT-11C (165-167.75)  clayey sand 1.9x 107 5.6 x 10
MHT-11C (200-202.4) poorly graded sand w/ silt 25x10% 8.5 x 107
MHT-12C (200~202.2) poorly graded sand 3.8x10% 1.2x10%

Only samples exhibiting a permeability less than 5 x 10 cm/sec were tested for horizontal permeability.
NT Sample was not tested.

*  This sample was found to have a wax intrusion. Actual permeabilities may be approximately one-half to one order

of magnitude higher.
Specific Gravity
Sample No. (depth in ft) Soil Classification Specific Gravity
MHB-1T (31-33) clayey sand 2.59
MHB-1T (40-42) sandy fat clay 2.62
MHB-1T (56-58) silty sand 2.62
MHB-1T (80-82) poorly graded sand w/ silt 2.59
MHB-1T (100-102) poorly graded sand w/ silt 2.60
MHB-1T (110-112) sandy fat clay 2.72
MHB-1T (130-131.3) poorly graded sand w/ silt 2.61
MHB-4T (40-42) sandy fat clay 2.62
MHB-4T (60-62) clayey sand 2.67
MHB-4T (70-72) clayey sand 2.67
MHB-4T (80-82) poorly graded sand w/ silt 2.53
MHB-4T (110-112) sandy fat clay 2.66
MHB-8T (155-157) silty sand 2.65
MHB-8T (170-171) clayey sand 2.65
MHT-10B (201-201.7) poorly graded sand w/ silt 2.62
MHT-11C (165-167.75) clayey sand 2.1
MHT-11C (200-202.4) poorly graded sand w/ silt 2.63
MHT-12C (200-202.2) poorly graded sand 2.62
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Table 11. Mechanical Grain Size (Percent Passing by Weight)

Sample No. (depth in ft) Soil Classification G{Zi‘ SL‘;J:“’ Ci‘;‘ (&%)
Fine Coarse Medium Fine
MHB-1T (31-33) clayey sand 6.4 13.5 45.9 152 19.0
MHB-1T (40-42) sandy fat clay - 1.1 12.8 22.4 63.7
MHB-1T (56-58) silty sand - - 34 74.9 217
MHB-1T (80-82) poorly graded sand w/ silt - 0.2 43.8 474 8.6
MHB-1T (100-102) poorly graded sand w/ silt - 11 37.2 52.1 9.6
MHB-1T (110-112) sandy fat clay - 0.2 124 17.5 69.9
MHB-1T (130-131.3) poorly graded sand w/ silt - 0.7 56.7 36.4 6.2
MHB-4T (40-42) sandy fat clay - - 0.6 434 56.0
MHB-4T (60-62) clayey sand 4.6 17 54.2 18.4 15.1
MHB-4T (70-72) clayey sand - 02 7.9 64.5 274
MHB-4T (80-82) poorly graded sand w/ silt 04 0.1 423 49.8 7.4
MHB-4T (110-112) sandy fat clay - 02 74 40.5 51.9
MHB-8T (155-157) silty sand - 32 272 50.4 19.2
MHB-8T (170-171) clayey sand - 1.6 21.0 45.6 31.8
MHT-10B (201-201.7) poorly graded sand w/ silt - 0.2 26.3 66.8 6.7
MHT-11C (165-167.75) clayey sand 0.3 4.9 13.0 329 489
MHT-11C (200-202.4) poorly graded sand w/ silt - 04 9.3 83.4 6.9
MHT-12C (200-202.2) poorly graded sand - 0.7 339 61.0 4.4
Table 12. Hydrometer Analysis (Percent Passing)

Sample No. (Depth) Soil Classification (<‘?"(:15) (?::) (?1.1(1)121) ?n?:ls) ?mo::lz)
MHB-1T (31-33) clayey sand 55 8.6 58 6.5 37.3
MHB-1T (40-42) sandy fat clay NT NT NT NT NT
MHB-IT (56-58) silty sand NT NT NT NT NT
MHB-1T (80-82) poorly graded sand w/ silt NT NT NT NT NT
MHB-1T (100-102) poorly graded sand w/ silt NT NT NT NT NT
MHB-1T (110-112) sandy fat clay 8.2 12.7 5.5 6.0 375
MHB-1T (130-131.3)  poorly graded sand w/ silt NT NT NT . NT NT
MHB-4T (40-42) sandy fat clay 7.6 10.1 5.0 5.0 28.3
MHB-4T (60-62) clayey sand NT NT NT NT NT
MHB-4T (70-72) clayey sand 34 4.0 25 7.3 10.2
MHB-4T (80-82) poorly graded sand w/ silt NT NT NT NT NT
MHB-4T (110-112) sandy fat clay 3.7 4.0 8.4 9.2 26.6
MHB-8T (155-157) silty sand NT NT NT NT NT
MHB-8T (170-171) clayey sand 73 89 3.1 1.8 10.7
MHT-10B (201-201.7)  poorly graded sand w/ silt NT NT NT NT NT
MHT-11C (165-167.75) clayey sand 9.7 12.1 6.3 4.2 16.6
MHT-11C (200-202.4)  poorly graded sand w/ silt NT NT NT NT NT
MHT-12C (200-202.2)  poorly graded sand NT NT NT NT NT

Only sample with greater than 25% percent passing the #200 sieve during the mechanical grain size analysis were tested for
hydrometric grain size.
NT Sample was not tested.
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Table 13, Atterberg Liquid and Plastic Limits (Percent Water)

Liquid Plastic Placticity Coefficientof Coefficientof

Sample No. (depth in ft) Soil Classification Limit  Limit Index Uniformity Curvature

MHB-1T (31-33) clayey sand 73.0 280 45.0 NT NT
MHB-1T (40-42) sandy fat clay 65.0 28.0 370 NT NT
MHB-1T (56-58) silty sand 39.0 26.0 13.0 NT NT
MHB-1T (80-82) poorly graded sand w/ silt NT NT NT 4.35 1.57
MHB-1T (100-102) pootly graded sand w/ silt 28.0 24.0 4.0 5.16 1.33
MHB-1IT (110-112) sandy fat clay 80.0 31.0 49.0 NT NT
MHB-1T (130-131.3) poorly graded sand w/ silt NT NT NT 3.75 1.28
MHB-4T (4042) sandy fat clay 54.0 26.0 28.0 NT NT
MHB-4T (60-62) clayey sand 46.0 26.0 20.0 NT NT
MHB-4T (70-72) clayey sand 47.0 26.0 21.0 NT NT
MHB-4T (80-82) poorly graded sand w/ silt NT NT NT 3.03 1.34
MHB-4T (110-112) sandy fat clay 95.0 31.0 64.0 NT NT
MHB-8T (155-157) silty sand 370 25.0 12.0 NT NT
MHB-8T (170-171) clayey sand 31.0 20.0 11.0 NT NT
MHT-10B (201-201.7)  poorly graded sand w/ silt NT NT NT 3.6 1.17
MHT-11C (165-167.75) clayey sand 36.0 18.0 NT NT NT
MHT-11C (200-202.4)  poorly graded sand w/ silt NT NT NT 2.53 1.38
MHT-12C (200-202.2)  poorly graded sand NT NT NT 325 1.16

Samples identified as non-plastic by visuval and grain-size characterizations were not tested for Atterberg liquid and plastic limits.
Coefficients of uniformity and curvature are presented for these samples along with the sample exhibiting the lowest plasticity.
NT Sample was not tested.

Table 14, Water Retention—Drainage

Applied Pressure / Suction (Bars)

Sample No, (depth in ft) Soil Classification 0 (sat) 0.05 0.1 0.3 0.5 1 5
Retained Water (% By Volume)

MHB-1T (31-33) clayey sand 43.5 29.8 - 299 17.7 16.1 14.4 11.5
MHB-1T (40-42) sandy fat clay 42.8 421 419 413 41.3 41.0 38.6
MHB-1T (56-58) silty sand 424 29.6 25.6 21.0 19.5 17.5 10.7
MHB-1T (80-82) poorly graded sand w/ silt 39.6 27.9 24.6 20.5 19.0 17.1 10.5
MHB-1T (100-102) poorly graded sand w/ silt 421 214 20.0 17.9 17.3 15.4 9.7
MHB-1T (110-112) sandy fat clay 440 54 4.8 44 44 42 3.6
MHB-1T (130-131.3) poorly graded sand w/ silt 46.2 18.1 16.9 15.6 153 14.3 12.5.
MHB-4T (40-42) sandy fat clay 43.0 36.9 36.2 33.9 32.9 29.8 22.8
MHB-4T (60-62) clayey sand 42.8 16.5 154 13.8 133 122 83
MHB-4T (70-72) clayey sand 46.2 34.7 3i8 28.0 27.0 253 19.4
MHB-4T (80-82) pootly graded sand w/ silt 413 24.9 24.1 22.8 22.3 21.2 12.8
MHB-4T (110-112) sandy fat clay 71.5 65.2 64.3 63.1 62.8 62.1 57.2
MHB-8T (155-157) “silty sand 39.9 352 34.7 333 28.6 23.8 12.1
MHB-8T (170-171) clayey sand 38.0 334 323 28.3 26.0 227 10.5
MHT-10B (201-201.7)  poorly graded sand w/ silt 42.6 39.8 38.0 317 28.3 25.7 15.0
MHT-11C (165-167.75)  clayey sand 34.8 30.6 293 273 26.6 24.8 16.4
MHT-11C (200-202.4)  poorly graded sand w/ silt 40.8 319 26.7 20.2 18.4 16.8 11.6
MHT-12C (200-202.2)  poorly graded sand 39.6 24.8 15.0 8.7 72 6.1 ‘0.4
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Table 15, Water Retention—Wetting
Applied Pressure / Suction (Bars)
Sample No, (depth in ft) Soil Classification 0(Sat)  0.05 0.1 0.3 0.5 1 5
Retained Water (% By Volume)
MHB-1T (31-33) clayey sand 36.9 233 19.1 14.5 13.1 12.0 11.5
MHB-1T (40-42) sandy fat clay 42.6 41.2 40.8 40.2 40.2 39.7 38.6
MHB-1T (56-58) silty sand .7 210 18.0 153 14.7 13.9 10.7
MHB-1T (80-82) poorly graded sand w/ silt 29.6 15.8 14.5 12.9 11.1 11.0 10.5
MHB-1T (100-102) pootly graded sand w/ silt 354 135 124 11.2 11.2 10.5 9.7
MHB-1T (110-112) sandy fat clay 33.0 45 4.0 39 38 3.7 3.6
MHB-1T (130-131.3) poorly graded sand w/ silt 398 15.7 14.6 14.0 133 13.2 12.5
MHB-4T (40-42) sandy fat clay 36.9 328 31.2 279 26.8 25.1 22.8
MHB-4T (60-62) clayey sand 29.7 13.2 12.5 11.1 10.7 9.7 83
MHB-4T (70-72) clayey sand 346 271 249 22.7 22.1 21.2 194
MHB-4T (80-82) poorly graded sand w/ silt 29.4 193 17.9 16.7 16.4 15.7 12.8
MHB-4T (110-112) sandy fat clay 67.5 63.6 62.1 60.5 60.0 59.2 57.2
MHB-8T (155-157) silty sand 29.2 235 173 14.6 13.5 12.2 12.1
MHRB-8T (170-171) clayey sand 292 25.0 211 16.9 16.0 149 10.5
MHT-10B (201-201.7)  poorly graded sand w/ silt 337 21.0 18.7 17.8 17.5 17.1 15.0
MHT-11C (165-167.75) clayey sand 30.1 25.3 23.4 21.0 20.6 19.6 16.4
MHT-11C (200-202.4)  poorly graded sand w/ silt 322 17.7 14.4 13.5 13.0 12.9 11.6
MHT-12C (200-202.2)  poorly graded sand 28.1 4.6 3.0 2.6 2.6 2.4 04
Table 16. Unconfined Compressive Strength
Sample No. (Depth) Soeil Classification Sﬁ::;: l(‘;:i)
MHB-1T (31-33) clayey sand 1.10
MHB-1T (40-42) sandy fat clay 15.34
MHB-1T (56-58) silty sand 3.83
MHB-1T (80-82) poorly graded sand w/ sjlt 0.78
MHB-1T (100~-102) poorly graded sand w/ silt 1.24
MHB-1T (110-112) sandy fat clay 0.78
MHB-1T (130-131.3) poorly graded sand w/ silt NT
MHB-4T (40-42) sandy fat clay 31.39
MHB-4T (60-62) clayey sand 1.08
MHB-4T (70-72) clayey sand 4.18
MHB-4T (80-82) poorly graded sand w/ silt 0.47
MHB-4T (110-112) sandy fat clay 6.48
MHB-8T (155-157) silty sand 11.00
MHB-8T (170-171) clayey sand 643
MHT-10B (201-201.7) poorly graded sand w/ silt 1.86
MHT-11C (165-167.75) clayey sand 18.83
MHT-11C (200-202.4) poorly graded sand w/ silt 2.34
MHT-12C (200-202.2) poorly graded sand 1.56
NT Sample was not tested because of sample deterioration prior to testing.
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Table 17.

Vertical and Horizontal Porosity

Sample No. (depth in ft) Soil Classification Po‘ss’i‘t‘y“?,,/o) P}:;’J;i’t‘;“(“.;: :
MHB-1T (31-33) clayey sand 39.6 429
MHB-1T (40-42) sandy fat clay 422 43.1
MHB-1T (56-58) silty sand 44.8 38.2
MHB-1T (80-82) poorly graded sand w/ silt 36.6 NT
MHB-1T (100-102) poorly graded sand w/ silt 41.5 NT
MHB-1T (110-112) sandy fat clay 43.1 NT
MHB-1T (130-131.3) poorly graded sand w/ silt 39.5 NT
MHB-4T (40—42) sandy fat clay 40.0 38.0
MHB-4T (60-62) clayey sand 389 NT
MHB4T (70-72) clayey sand 433 40.1
MHB-4T (80-82) poorly graded sand w/ silt 39.0 NT
MHB-4T (110-112) sandy fat clay 66.7 74.2
MHB-8T (155-157) silty sand 35.8 35.5
MHB-8T (170-171) clayey sand 34.7 34.8
MHT-10B (201-201.7) poorly graded sand w/ siit 40.2 36.9
MHT-11C (165-167.75) clayey sand 38.1 36.0
MHT-11C (200-202.4) poorly graded sand w/ silt 41.5 36.9
MHT-12C (200-202.2) poorly graded sand 394 354

NT Sample was not tested.
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Table 18. Dry Unit Weight, Moisture Content, and Unit Weight
Hydraulic Conductivity Test
Sample No. Dry Unit H;(:;‘:::l Unit Dry Unit I\Z::::ﬁ:'le Unit
. Soil Classification =~ Weight Weight Weight Weight
(depth in ft) Content Content
(peh (%)** (pch (peh (%) (peh

MHB-1T clayey sand 923 14.9 106.1 97.7 12.8 110.2
(31-33)
MHB-1T sandy fat clay 93.1 273 118.5 94.6 273 120.4
(40-42)
MHB-1T silty sand 101.1 16.3 117.6 90.2 16.3 104.9
(56-58)
MHB-1T poorly graded sand NT NT * 102.5 8.8 1115
(80-82) wi silt
MHB-1T poorly graded sand NT NT * 95.0 13.7 108.0
(100-102) wi silt
MHB-1T sandy fat clay NT NT * 97.7 34 101.0
(110-112)
MHB-1T poorly graded sand NT NT * 98.6 11.9 110.3
(130-131.3)  w/silt
MHB-4T sandy fat clay 101.3 22.7 1243 101.1 22.3 123.6
(4042)
MHB-4T clayey sand NT NT * 101.9 8.9 111.0
(60-62)
MHB-4T clayey sand 99.8 23.6 123.4 94.5 20.7 114.1
(70-72)
MHB-4T poorly graded sand NT NT * 96.8 15.0 111.3
(80-82) wi silt
MHB-4T sandy fat clay 429 724 74.0 553 69.0 93.5
(110-112)
MHB-8T silty sand 106.6 20.8 128.8 106.2 216 129.1
(155-157)
MHB-ST clayey sand 107.9 19.7 1292 108.0 19.9 129.5
(170-171)
MHT-10B poorly graded sand 103.2 22.0 125.9 97.9 23.6 121.0
(201-201.7)  w/silt
MHT-11C clayey sand 108.3 203 130.3 104.7 19.8 1254
(165-167.75)
MHT-11C poorly graded sand 98.9 231 121.7 96.1 23.1 1183
(200-202.4)  w/silt
MHT-12C poorly graded sand 105.6 21.0 1279 99.1 22.0 1209
(200-202.2)

Total unit weight calculated from moisture content and dry unit weight for each test. Differences between tests likely due to use
of different portions of the same samples.
NT Sample was not tested.

*  Value was not calculated.
** Values do not represent field conditions.
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Table 18

Dry Unit Weight, Moisture Content, and Unit Weight (contd)

Unconsolidated Compressive Test

Dry Unit Moisture Unit
Sample No. (depth in ft) Soil Classification Weight  Content*  Weight
(pcf) (%) (peh)
MHB-1T (31-33) clayey sand 99.5 89 108.4
MHB-1T (4042) sandy fat clay 97.5 253 122.2
MHB-1T (56-58) silty sand 93.5 16.8 109.2
MHB-1T (80-82) poorly graded sand w/ silt 102.9 6.9 110.0
MHB-1T (100-102) poorly graded sand w/ silt 102.1 14.6 117.0
MHB-1T (110-112) sandy fat clay 98.5 6.1 104.5
MHB-1T (130-131.3) poorly graded sand w/ silt NTt 42 *s
MHB-4T (4042) sandy fat clay 105.3 21.8 1283
MHB-4T (60-62) clayey sand 101.0 74 108.5
MHB-4T (70-72) clayey sand 96.1 18.9 114.3
MHB-4T (80-82) poorly graded sand w/ silt 95.7 6.5 101.9
MHB-4T (110-112) sandy fat clay 58.0 70.3 98.8
MHB-8T (155-157) silty sand 111.7 19.1 133.0
MHB-8T (170-171) clayey sand 1100 18.0 129.8
MHT-10B (201-201.7) poorly graded sand w/ silt 105.0 221 128.2
MHT-11C (165-167.75) clayey sand 106.1 19.2 126.5
MHT-11C (200-202.4) poorly graded sand w/ silt 99.3 21.9 121.0
MHT-12C (200-202.2) poorly graded sand 105.8 21.7 128.8

Total unit weight calculated from moisture content and dry unit weight for each test. Differences between tests likely
due to use of different portions of the same samples.

NT Sample was not tested.

*  Measured from composite samples not representative of field conditions.
**  Value was not calculated.

T Sample deteriorated prior to testing.
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Table 19. Total Organic Carbon, Cation Exchange Capacity, and Exchangeable Acidity
Total Organic ES:;::‘ e Exchangeable
Sample No., (depth in ft) Soil Classification Carbon .g Acidity
(m Capacity (meq/100g)
g/ke) (meq/100g) 9
MHB-1T (31-33) clayey sand 4000 4.6 890
MHB-1T (40-42) sandy fat clay 410 8.6 4200
MHB-1T (56-58) silty sand 150 45 1200
MHB-1T (80-82) poorly graded sand w/ silt 230 23 620
MHB-1T (100-102) poorly graded sand w/ silt 820 33 950
MHB-1T (110-112) sandy fat clay 550 13.0 3100
MHB-1T (130-131.3) poorly graded sand w/ silt 72 35 170
MHB-4T (40-42) sandy fat clay 170 8.0 310
MHB-4T (60-62) clayey sand 100 38 59
MHB-4T (70-72) clayey sand 91 6.4 140
MHB-4T (80-82) poorly graded sand w/ silt 790 32 ND
MHB-4T (110-112) sandy fat clay 270 21.0 3800
MHB-8T (155-157) silty sand 230 7.3 200
MHB-8T (170-171) clayey sand 450 54 270
MHT-10B (201-201.7) poorly graded sand w/ silt 160 3.6 210
MHT-11C (165-167.75) clayey sand 410 7.2 700
MHT-11C (200-202.4) poorly graded sand w/ silt 160 33 ND
MHT-12C (200-202.2) poorly graded sand 100 3.6 ND
Table 20. Test Methods
Test Method
Vertical Permeability Corps of Engineers EM1110-2-1906
Horizontal Permeability Corps of Engineers EM1110-2-1906
Specific Gravity ASTM D854
Mechanical Grain Size ASTM D422
Atterberg Liquid and Plastic Limits ASTM D422
Water Retention, Drainage Curves ASTM D2325
Water Retention, Wetting Curves Material of Soil Analysis Chapter 26
Unconfined Compressive Strength ASTM D2166
Porosity Corps of Engineers EM1110-2-1906
Moisture Content ASTM D2216
Unit Weight ASTM D2937
Cation Exchange Capacity Methods of Soil Analysis 57-2.1
Total Organic Carbon EPA 9060
Exchangeable Acidity EPA 305.1
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Inorganic Geochemistry

Methods
Physical/Chemical Analysis

The physical and chemical nature of the environment is
critical to understanding biological phenomena (eg., deg-
radation rates). In addition, some of these parameters have
implications on nutrient requirements (phosphorus, nitro-
gen, iron, and sulfur), effects that the biomass may have
on the environment [eg., pH, conductivity, total organic
carbon (TOC)). These measurements are critical to a thor-
ough understanding of the in situ bioremediation process
and the potential for controlling degradation rates, destruc-
tion efficiency, and adverse phenomena. The following
data were gathered to better monitor and evaluate the in
situ bioremediation. All methods were EPA approved and/
or in Standard Methods (APHA, 1989). The assays were
performed by a subcontractor in an EPA-certified labora-

tory.

* lron was determined by inductively coupled plasma-
atomic emission spectroscopy with pre-acid digestion
(EPA SW-846).

* TOC was determined by the ultraviolet oxidation
method (EPA 415.1). Samples will acidified and stored
at 4°C prior to analysis.

* Total phosphorus as orthophosphate was determined by
the persulfate digestion and ascorbic acid colorimetric
determination (EPA 365.2).

* Total Kjeldahl nitrogen, which includes free-ammonia
plus organic nitrogen, was determined by the colori-
metric method, following digestion, distillation, and the
Nesslerization method (EPA 351.3).

* Ammonia as distilled ammonia nitrogen was deter-
mined by the colorimetric method, following distilla-
tion and the Nesslerization method (EPA 350.2).

* Chloride, nitrate, nitrite, and sulfate was determined by
the ion chromatography method (EPA 300.0).

Results

Selected inorganic and organic parameters were measured
in samples from a representative number of borings. Sam-
ples were collected from MHT-3C, MHT-5C, and MHT-
8C during pretest characterization (Table 21) and from the
post-test borings MHB-3V, MHB-5T, and MHB-8T (Table
22).

Iron

Iron was detected in all of the samples analyzed. The val-
ues ranged from 1270 to 105,000 ug/g with a median
value of approximately 8000 ppm for both the pre- and
post-test characterization samples. These values are within
the range expected for sediments at SRS.

Cation Exchange Capacity

Cation exchange capacities ranged from 10 to 55 meq/
100g with a median value of 35 for pretest samples and 38
for post-test samples. These values are consistent with past
studies at SRS and with values measured from samples
collected for geotechnical analysis (Table 19).

- Nitrogen

Concentrations of nitrite and nitrate in the soil were below
detectable limits (<1 ppm) for all samples (Figure ??).
Total nitrogen was also very low, usually <20 ppm (Figure
??). Samples taken closest to the surface had the highest
total nitrogen; higher concentrations in the subsurface
were usually associated with clayey sediments. The nitro-
gen concentrations observed are quite low and suggest
that, biologically, the sediment is a nitrogen-limited envi-
ronment. The decreases in total nitrogen with depth further
suggest nitrogen limitations resulting from microbial deni-
trification. The median value of post-test nitrogen was not
significantly different from the pretest value. The higher
concentrations of total nitrogen observed in strata with
lower porosity suggests that these environments are less
optimal for microbial growth (see supporting data in
Microbiology section) and thus allow total nitrogen per51s-
tence (i.e., less denitrification).

pH

Measured values for pH ranged from 4-6 in most of the
samples. Higher values were observed in samples col-
lected by mud rotary drilling because of the infiltration of
the drilling mud.

Total Phosphorus as Orthophosphate

Phosphate was detected in most all of the samples ana-
lyzed and ranged from 20 to 1740 ppm with a median
value of 160 for pretest samples and 132 for post-test sam-
ples. These values are higher than anticipated and proba-
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bly reflect the presence of mineral phases such as apatite
derived from igneous sources. This phosphate cannot be
effectively used as a nutrient source by microorgansms,
and in spite of relatively high concentrations, phosphate
may be a limiting nutrient.

Sulfate

Sulfate was detected in all samples and measured values
ranged from 15 to 543 ug/g.

Total Organic Carbon

TOC was detected in all samples, ranging from 29 to 6790
ng/g in pretest samples and from 9 to 954 pug/g in post-test
samples. High values were found in shallow sediments
and tended to decrease with depth. The median value of
115 pg/g for pretest samples decreased to 9 ug/g in post-
test samples and may reflect microbial utilization of
carbon.

30
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Table 21. Pretest Results from Selected Organic and Inorganic Parameters Measured in Samples from Borings
CEC
Well Depth  Iron (meg/ Total N2 NO2 NO3 pH PO4 SO4 TOC
@® @pm) 50, PP™  (ppm) (ppm) (ppm) (ppm) (ppm)
MHT-3C 3 1730 33 37.6 <1 <1 5.77 98.0 302 390
MHT-3C 7 22800 33 54.4 <1 <1 5.04 181.0 188 530
MHT-3C 15 22900 33 18.2 <1 <1 4.88 99.0 163.0 270
MHT-3C 25 20200 82 14.8 <1 <1 4.93 92.0 2430 230
MHT-3C 35 1550 8.2 10.0 <1 <1 4.91 204 1730 51
MHT-3C 47 3610 4.1 10.0 <1 <1 5.03 34.8 150 16
MHT-3C 57 8050 35 10.0 <1 <1 498 64.0 794 29
MHT-3C 65 11300 8.2 10.0 <1 <1 496 16400 1380 37
MHT-3C 73 6220 3.9 10.0 <1 <1 5.06 188.0 1390 9
MHT-3C 85 4650 33 10.0 <1 <1 533 208.0 838 30
MHT-3C 115 29800 8.2 54.0 <1 <1 525 480.0 1080 381
MHT-5C 5 16800 4.6 94.0 <1 48 5.09 1080 1460 640
MHT-5C 15 23200 4.6 27.4 <1 <1 522 78.0 368 710
MHT-5C 25 22200 8.2 10.0 <1 <1 5.34 38.0 574 110
MHT-5C 45 21300 8.2 13.4 <1 <1 535 36.0 626 140
MHT-5C 55 5590 2.7 10.0 <1 <1 533 30.8 156 39
MHT-5C 65 9870 3.7 10.0 <1 <1 5.34 344 154 28
MHT-5C 75 3460 1.6 10.0 <1 <1 535 156.0 196 24
MHT-5C 85 5460 1.6 10.0 <1 <1 535 192.0 648 56
MHT-5C 93 10200 1.6 16.0 <1 <1 524 180.0 804 42
MHT-5C 101 3660 1.6 10.0 <1 <1 425 340.0 454 39
MHT-5C 117 7670 22 18.0 <1 <1 4.99 2280 714 56
MHT-5C-MR 126 ND 1.6 86.0 <1 <1 5.28 536.0 482 111
MHT-5C-MR 138 5440 N.D. 10.0 <1 <1 6.50 308.0 258 44

MHT-5C-MR 162 24200 6.1 143.0 <1 <1 5.19 12.0 780 250
MHT-5C-MR 187 7750 33 110.0 <1 <1 5.74 192.0 176 540

MHT-8C 5 4380 1.7 448 <1 <1 5.09 112.0 260 340
MHT-8C 15 15700 53 34.2 <1 <1 5.12 96.0 150 368
MHT-8C 25 24200 82 25.8 <1 <1 529 132.0 166 230
MHT-8C 35 24600 82 16.8 <1 <1 5.28 108.0 488 224
MHT-8C 65 6720 35 10.0 <1 <1 5.40 66.4 150 29
MHT-8C 75 9480 4.7 12.2 <1 <1 57 3320 178 42
MHT-8C 85 6360 1.6 10.0 <1 <1 5.63 264.0 150 50
MHT-8C 95 2670 33 10.0 <1 <1 5.60 120.0 150 26
MHT-8C 105 6580 33 11.6 <1 <1 5.35 224.0 150 218
MHT-8C 113 16400 26.3 110.0 <1 <1 5.21 248.0 150 250
MHT-8C 125 14800 33 12.2 <1 <1 590 1100.0 376 75
MHT-8C-MR 134 3950 33 10.0 <1 <1 7.98 92.0 314 42
MHT-8C-MR 144 18900 33 10.0 <1 <1 5.66 4120 196 67
MHT-8C-MR 154 1270 33 10.0 <1 <1 7.35 108.0 300 38
MHT-8C-MR 164 24200 4.7 100.0 <1 <1 4.59 2400 158 330
MHT-8C-MR 174 4580 33 22.6 <1 <1 5.89 160.0 356 194
MHT-8C-MR 184 7930 5.1 12.2 <1 <1 552 2720 326 954
Maximum 29800 26.3 143.0 <1 4.8 7.98 92.0 2430 954
Minimum 1270 1.6 10.0 <1 <1 4.25 204 15.0 9

Median 7990 35 12.2 -- -- 5.29 160.0 356 67
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Table 22,

Post-test Results from Selected Organic and Inorganic Parameters Measured in Samples from Borings

Depth Tron CEC  1stalN2 NO2 NO3 PO4 SO4 TOC
Well (meq/

)y  (ppm) 100g) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
MHB-3V 3 4120 8.20 10.2 <1 28 815 1240 150 6790
MHB-3V 15 18700 8.20 58.0 <1 <1 512 2360 15.0 510
MHB-3V 27 12800 8.20 15.8 <1 <1 502 1110 230 189
MHB-3V 39 3650 4.10 10.0 <1 <1 505 928 272 70
MHB-3V 51 8930 8.20 10.0 <1 <1 541 636 284 121
MHB-3V 63 5320 2.79 10.6 <1 <l 499 488 150 44
MHB-3V 75 10400 1020 ND <1 <1 535 ND 330 2910
MHB-3V 87 4170 1.64 10.0 <1 <l 528 204 450 65
MHB-3V 99 17300 4.10 36.8 <1 <1 483 4320 920 145
MHB-3V 111 5550 5510  111.0 <1 <l 486 3360 15.0 310
MHB-3V 123 105000  3.28 10.0 <1 <1 519 3240 436 65
MHB-ST 3 3140 328 1620 <1 <1 603 960 150 2480
MHB-5T 15 19300 6.32 34.6 <1 <1 51 1000 262 534
MHB-5T 27 5740 3.72 10.0 <1 <1 5 396 150 64
MHB-5T 39 9610 3.98 10.0 <1 <1 513 388 150 83
MHB-5T 51 10700 6.44 10.0 <1 <1 532 540 154 168
MHB-5T 63 4790 4.84 10.0 <1 <1 524 416 150 70
MHB-5T 75 2410  13.40 10.0 <1 <1 543 1760 150 34
MHB-5T 87 3570 3.28 10.0 <1 <1 55 1760 150 29
MHB-ST 99 1680 3.28 14.2 <1 <1 515 1760 150 40
NHB-5T-MR 111 6840 8.20 50.8 <1 <1 545 2560 388 170
MHB-5T-MR 123 63600 8.20 48.0 <1 <l 5.15 1740 440 118
MHB-5T-MR 135 8550 2.75 10.0 <1 <l 668 5400 288 126
MHB-5ST-MR 147 10200  19.80 13.0 <1 <1 567 2760 15.0 320
MHB-5T-MR 159 16300 8.20 54.4 <1 <1 5.13 6800 15.0 250
MHB-5T-MR 171 4360 1.64 14.6 <1 <l 749 1400 15.0 122
MHB-5T-MR 183 6030 1.69 16.2 <1 <l 725 1320 198 112
MHB-ST-MR 195 4570 1.64 354 <1 <l 59 1480 158 182
MHB-8T 25 22700  16.40 29.0 <1 <1 519 180 192 267
MHB-8T 37 6130 1640 11.4 <1 <1 509 100 262 88
MHB-8T 49 4500 1.81 10.0 <1 <1 516 58 150 45
MHB-8T 61 4920 1.89 10.0 <1 <1 523 55 150 43
MHB-8T 73 10400 2.13 10.0 <1 <1 505 8 190 47
MHB-8T 85 8140 2.44 10.0 <1 <l 515 54 164 68
MHB-8T 97 3710 2.34 10.0 <1 <l 523 116 216 44
MHB-8T 109 4580 1.72 10.0 <1 <1 516 104 150 49
MHB-8T 121 8630 3.28 24.8 <1 <1 507 592 194 122
MHB-8T 133 6670 1.98 10.0 <1 <1 513 224 150 40
MHB-8T 145 9970 1.64 10.0 <1 <l 511 92 150 40
MHB-8T-MR 157 11700 251 10.0 <1 <1 602 508 302 94
MHB-ST-MR 169 33300 8.20 40.4 <1 <1 509 640 258 332
MHB-ST-MR 181 7960 8.20 32.4 <1 <1 714 88 380 325
MHB-8T-MR 193 11000 8.20 36.0 <1 <1 537 180 224 676
Maximum 105000 55.10  162.0 0 28 815 1740 920 6790
Minimum 1680 1.64 10.0 0 0 483 204 150 29
Median 8050 3.85 10.6 0 28 519 1320 19.1 115
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Aquifer Test

Methods

An aquifer test was performed to measure the hydraulic
conductivity of the semi-confined aquifer at the Integrated
Demonstration Site. This aquifer is bounded by the bottom
of the water table aquifer and the top of the “green clay”
confining zone. This zone is characterized by relatively
clean sand with minor interbedded clay-rich sand and
gravelly sand. Monitoring wells installed in this zone are
designated by the suffix “C” (e.g., MHT-6C) and are con-
structed of 4-inch inner-diameter polyvinyl chloride cas-
ing with 5-foot-long screens. The aquifer is approximately
10 feet thick and is located at an elevation of approxi-
mately 200-220 feet.

A constant discharge pumping test with multiple observa-
tion wells was performed to measure the hydraulic con-
ductivity of the semi-confined aquifer and overlying
confining unit. Monitoring well MHT-5C was used as the
pumping well and wells MHT-3C, MHT-4C, MHT-9C and
MHT-12C were used to observe the change in water level
due to pumping (Figure 4). A data logger and pressure
transducers were used to measure water levels in the
observation wells.

Pumping began on January 30, 1992, at 10:15 a.m. and
continued until 12:15 p.m. on January 31, 1992. The aver-
age pumping rate during the 26-hour test was 7 gallons per
minute. Pumping was stopped when the water level at the
pumping well (MHT-5C) was pulled below the screened
interval in the well. Groundwater samples were collected
from the pumping well during the test and were analyzed
for VOCs using a gas chromatograph/mass spectrometer.
All groundwater recovered during the test was collected
and discharged at a wastewater treatment facility.

Results

A decrease in water level (drawdown) was observed dur-
ing the aquifer test in only two of the four monitoring
wells. Figures 3 and 4 are time-drawdown curves for
observation wells MHT-3C and MHT-4C. A decrease in
water level was not measured in MHT-9C or MHT-12C.

The drawdown data for MHT-3C was analyzed using both
Theis and Hantush methods (Figure 4). The Theis method
is a curve-matching method based on a model that
assumes the aquifer is completely confined and it does not
receive recharge. If an aquifer is not completely confined,

the measured drawndown values will deviate from the
Theis model at large elapsed times and the predicted draw-
down will exceed the observed drawdown. The time draw-
down curve for MHT-3C noticeably deviates from the
Theis model (Figure 4) indicating that the aquifer is not
confined and is being recharged from above or below. The
data used for the Theis model are listed in Table 23.

To account for the semi-confined nature of the aquifer, the
Hantush method was used to evaluate the drawdown data.
The Hantush method is based on the assumptions that the
aquifer is recharged from either above or below and that
the semi-confining unit separating the aquifer from the
recharge zone does not have storage. At the Integrated
Demonstration Site, the vertical hydraulic gradient is
downward indicating the recharge to the semi-confined

- aquifer is coming from above (Eddy et al. 1991). The Han-

tush model is consistent with the observed drawdown data
even at large elapsed times (Figure 4). The good fit
observed between the Hantush model and the field data
indicates that the aquifer is relatively homogeneous
between MHT-3C and the pumping well (MHT-5C). The
data used in the Hantush model are also listed in Table 21.
The properties listed are in the range of values indicative
of a thin sandy aquifer overlain by a silty semi-confining
umt.

The time drawdown curve (Figure 5) for MHT-4C does
not resemble the typical response of a confined or semi-
confined aquifer to pumping. A decrease in water level
was observed in MHT-4C (74 feet from MHT-5C) before
MHT-3C (55 feet from MHT-5C) even though it is 19 feet
further away from the pumping well. In addition, the
observed drawdown in MHT-4C was in excess of 0.2 feet
after only one minute of pumping while MHT3C did not
experience comparable drawdown until 2.5 minutes. The
early appearance of drawdown in MHT-4C suggests that a
high hydraulic zone may be acting as a conduit between
MHT-4C and the pumping well. Since MHT-3C responded
to pumping as predicted by the model for a homogenous
semi-confined aquifer, a high conductivity hydraulic zone
probably connects MHT-3C and the pumping well. The
hydraulic conductivity between MHT-4C and MHT-5C
calculated from the transmissivity (K = T/B) is 0.2 feet/
min.

Forty-five groundwater samples were collected and ana-
lyzed during the aquifer test. Eight VOCs were detected at
least once during the test. Table 24 lists the compounds
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detected and a summary of the results. Since the measured
concentrations represent an average value across the
screened interval of the monitoring well, it is probable that
discrete intervals within the screened interval may have
higher concentrations of VOCs. Trichloroethylene (TCE)
and tetrachloroethylene (PCE) were detected most often
and at higher concentrations. Concentrations of TCE and
PCE increased during the first 10 hours of the test, were
constant until around 20 hours, and then began to decline.

Table 23.
Table 24.

Ralph’s aquifer properties table
VOCs detected and summary of results

Cis 1,2 -dichloroethylene (DCE), a good indicator of bio-
degradation, exhibited the same trend as TCE and PCE.
The periodic deviations in TCE, PCE, and DCE concentra-
tion may be attributed to the arrival of water from a zone
within the aquifer that had differences in contaminant con-
centrations sufficient to impact the integrated sample from
the well. Figure 6 is a plot of concentrations of TCE, PCE,
and DCE from MHT-5C.
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Figure 4.

Figure 5.

Time-Drawdown Curve for Observation Well MHT-3C

Time-Drawdown Curve for Observation Well MHT-4C
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Figure 6.

Concentrations of TCE, PCE, and DCE from MHT-5C
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Sampling and Analysis of Sediment Samples

Sediment samples were collected during post-test charac-
terization activities using the same protocols as the pretest
characterization described in Eddy et al. {(1991, Looney et
al. (1993), and Looney et al. (in review)]. As before, sam-
ples for analysis were collected at 5-foot intervals and, in
addition, at all significant lithologic changes in the core.
The only change in sampling protocol was that a measured
volume of distilled water was added in the field to the
sample bottle instead of an ionic solution of sodium sul-
fate and phosphoric acid. This change was made as a result
of a study done during the pretest characterization that
showed the analytical results obtained with the different
solutions were not statistically different.

VOC analyses were performed on a Hewlett-Packard 5890
Gas Chromatograph with an electron capture detector, an
HP 19395A Headspace Sampler, an HP 3392A Network-
ing Integrator, and a 60-m x 0.75-mm inner-diameter
Supelco VOCOL wide bore capillary column coated with

a 1.5-mm film. The instrument was calibrated using sam-
ples spiked with standard solution. Analytical techniques
used are presented in detail in Eddy et al. (1991) and
Looney, Eddy, and Sims (in review). The only difference
in sediment analysis protocol was that the samples were
not sonicated prior to analysis. This change was made as a
result of a study done during the pretest characterization
that showed sonication of sediment samples did not statis-
tically affect analytical results.

Corc specimens for microbial analyses were obtained
dircctly from the split spoon or barrel. Cores were sec-
tioned into 3-inch lengths with sterile spatulas and the out-
crmost layer (about 1/4 the diameter of the core) was
scraped off using sterile techniques. The sample was then
placed in a sterile Whirl-Pak® bag (Ft. Wilkinson, WT) for
immediate transport to the laboratory for analysis. All
samples shipped offsite for analysis were under a chain of
custody.
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Microbiology

Methods

Acridine Orange Direct Counts

Acridine orange direct counts (AODC) provide a direct
estimate of the total number of bacteria in the environ-
ment, regardless of ability to grow on any media that
might be used. Samples were preserved in phosphate buff-
ered formalin. Samples (1-3 grams) were extracted three
times with a non-ionic homogenizing detergent to remove
bacteria from the sediment particles. Homogenates were
cleared by low-speed centrifugation and the supernatants
pooled. Ten microliters of supernatant was spotted onto
each well of a toxoplasmosis microscope slide, stained
with 0.01% acridine orange, then rinsed with distilled
water. The number of cells stained with acridine orange
were counted by epifluorescence microscopy. The number
of cells per sample was normalized for soil moisture by
dividing by the dry weight of the sediment. Counts were
reported as cells per gram dry weight (cells/gdw) (Sinclair
and Ghiorse 1989).

Aerobic Heterotrophic Plate Count

The aerobic heterotrophic plate count method provides an
estimate of the total number of viable aerobic and faculta-
tively anaerobic bacteria in the sample. Low- and high-
nutrient concentrations of a medium were used to indicate
differences in bacteria adapted to oligotrophic and
eutrophic conditions. Samples (1-3 grams) were weighed
directly into 15 mL conical centrifuge tubes containing 9
mL of pyrophosphate buffer. Subsequent serial dilutions
were made in phosphate buffered saline. One-tenth millili-
ter of each appropriate dilution was inoculated onto a cor-
responding petri plate containing the medium. For this
study, 1% and full strength formulation of peptone-trypti-
case-yeast extract-glucose (PTYG) were used (Balkwill
1989). A glass rake and turntable were used to spread the
inoculum evenly over the entire surface of the agar. Plates
were incubated at room temperature for at least two weeks
prior to counting. Bacterial colonies were counted with the
aid of low power magnification. Counts were normalized
to sediment dry weights and reported as colony forming
units (CFU) per gram.

Methane Enrichment Most Probable Number
Enumeration

The methane enrichment most probable number (MPN)
enumeration method provides an estimate of the total
number of viable aerobic and facultatively anaerobic bac-
teria capable of living in an enriched methane sediment.
Successful bioremediation of trichloroethylene (TCE) and
tetrachloroethylene (PCE) can also be measured in terms
of increased microbial activity and increased biomass.
Biomass can be measured in terms of components that
contain TCE-degrading machinery and biomass capable of
consuming methane as evidence of stimulation by treat-
ments. MPN enumeration techniques were used to enu-
merate methanotrophic microorganisms in sediments.
Minimal salts media (Fogel et al. 1986) were used with a

-10% methane 90% air headspace in Balch tubes sealed

with black butyl rubber stoppers. A three-tube, five-dilu-
tion MPN was done on sediment samples. For sediments,
approximately 5-10 grams were used in the first tube of
the dilution. Tubes were incubated for 4-6 weeks depend-
ing upon initial results from control tubes. A set of 4-5
control tubes were set up at the same time as the MPNs.
The headspace methane concentrations in the control tubes
were averaged, and the standard deviation represented the
lower limit of methane removal needed to count as a posi-
tive tube in the MPNs.

Enzyme Analysis

Enzymes are the principal biologically active compounds
responsible for nearly all biodegradation and cell meta-
bolic and catabolic activities. The concentration of
cnzymes found in a sample are indicative of the biological
activity of a particular soil or water sample.

Phosphatases are important adaptive, extracellular
enzymes produced by a wide variety of organisms in
response to phosphorous limitation. The enzyme analysis
method measures the hydrolysis of a surrogate substrate,
disodium p-nitrophenyl phosphate (PNPP), under either
acidic or alkaline conditions. Generally, samples are added
to a substrate in an appropriate buffer solution and allowed
to incubate. Hydrolysis of the colorless substrate liberates
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free p-nitrophenol, a yellow colored substance that can be
measured photometrically (Dougherty and Lanza 1989;
Lanza and Dougherty 1991). Specifically, 6 mL of PNPP
(in 0.2 M TRIS buffer, pH 8.5 for alkaline phosphatase; in
0.1 M citrate buffer, pH 4.8 for acid phosphatase) were
added to approximately 2 grams of a pre-weighed sample
in a sterile culture tube. After mixing, the samples were
incubated at room temperature for 24 hours. The samples
were centrifuged to remove the soil particles. The superna-
tant was carefully removed, and the pH was adjusted to
8.5 (for acid phosphatase only). The absorbance of the
solution is then read from a Spectronic 20 at 420 nm. The
amount of p-nitrophenol liberated was determined from a
standard curve and normalized to the weight of dry soil.

The dehydrogenase assay provides a broad spectrum mea-
sure of general microbial activity since these enzymes are
responsible for the transfer of electrons from substrates to
acceptors. They are exclusively intracellular. Dehydroge-
nase activity is assayed by measuring the reduction of an
organic electron acceptor using the procedure originally
described by Lenhard as modified by Ryssov-Nielsen
(Dougherty and Lanza 1989; Lanza and Dougherty 1991).
In this procedure, the colorless substrate, 3-[4,5-Dimeth-
ylthiazol-2-y1}-2,5-diphenyltetrazolium bromide (MTT)
was reduced to the colored product MTT-Formazan, which
is measured photometrically. Specifically, 6 mL of MTT
(in 0.06 M phosphate buffer, pH 7.2) were added to
approximately 2 grams of a pre-weighed sample in a ster-
ile culture tube. After mixing, the samples were incubated
at room temperature for seven days. After incubation, the
samples were centrifuged to remove soil particles. The
supernatants were carefully decanted and 6 mL of metha-
nol were added. The samples were vigorously mixed and
re-centrifuged. The methanol was carefully removed, and
its absorbance was measured on a Spectronic 20 at 570
nm. The amount of MTT-Formazan liberated was deter-
mined from a standard curve and normalized to the dry
soil weight.

Community Diversity/Functionality

Changes in relative community structure may be impor-
tant in determining the following:

* the overall stability of the biological community

* the potential for producing unwanted effects

» the relative changes in the functional capability of the
community related to nutrient input and contaminant
degradation

Community diversity was determined via colony morphol-
ogy and biochemical/physiological characterization.
Every bacterial colony type was noted, counted, and cata-

loged for calculation of diversity indices and measurement
of structural diversity. Representatives of these isolates
were grown in pure culture and frozen for future biochem-
ical studies and measurement of functional diversity. Bio-
chemical/physiological traits were catalogued by
inoculating pure cultures of bacteria into a 96-well microt-
iter screening plate (MT and GN type Biolog Inc.) Simi-
larity and cluster analyses were used to compare groups of
random isolates over time and by location.

Fluorescent Antibody Direct Counts

Flourescent antibody direct counts provide a specific,
direct autecological measurement of select bacteria,
thereby reducing limitations of activation techniques.
Since nitrogen is believed to be limiting in situ, autecolog-
ical probes were used to directly estimate whether certain
types of nitrogen transformers are changing. It has been
found that these bacteria are critical to activity in the soil
{(Dommergues et al. 1978). It also provides direct measure-
ments of a TCE degrader isolated from the site. Samples
are prepared as for AODC (see above). Samples were
fixed on slides, blocked for nonspecific staining, and
stained by incubation with fluorescein isothiocyanate
labeled antibodies [specific for a particular bacteria (e.g.,
TCE-degrading bacteria isolated from M area sediment)]
for 20 minutes. Excess stain was washed away with buffer,
and background was enhanced with 5% sodium pyrophos-
phate. The stained slides were then examined by eppifluo-
rescent microscopy, and the yellow/green fluorescing cells
were enumerated as with AODC. Fluorescent antibodies
for several nitrogen-transforming organisms were tested,
including the following: Nitrosomonas europaea, Nitro-
bacter agilis and N. winogradskyi combined, Nitrosolobus
sp. (AV), Azotobacter chroococum, and Beijerinckia
Jjaponicum; an SRL-TCE degrader, Thiobacilius ferrooxi-
dans, and Legionella pneumophila, and a methanotroph.
All antibodies to nitrogen-transforming bacteria were pre-
pared by E. L. Schmidt, University of Minnesota. For
details on preparation of antibodies and staining tech-
nique, see Fliermans et al. (1974) and Bohlool and
Schmidt (1980).

Phospholipid Fatty Acid Analysis and Other
Physiological Measurements

Culturing techniques inadequately measure the overall
community structure, microbial biomass, and nutritional
status, since these techniques rely upon nutritional and
incubational conditions that are unlike anything that the
microbial community may have been exposed to before.
Signature biomarker compounds overcome many of these
limitations by allowing direct determination of sub-femp-
tomolar quantities of compounds used for energy storage,
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metabolic intermediaries, and enzymes (White et al.
1990). One such group of compounds is the phospholipid
fatty acids (PLFA). Ester-linked PLFAs were extracted
from filtered samples via inverse serial extraction, frac-
tionated, and methylated by microtechniques. Identifica-
tions were made by comparison of retention times to
standards after extracting specific ions from a total ion
chromatogram obtained with electron impact gas chroma-
tography/mass spectrometry.

Sediment samples (10 mL) were incubated with 14C-ace-
tate for 24 hours at in situ temperatures. The samples were
then fixed with chloroform-methanol and filtered through
0.2-um pore size filters. The acetate incubated samples
were extracted with chloroform-methanol, dried, resus-
pended in 2.0 mL chloroform and aliquots counted by lig-
uid scintillation counting to determine the amount of
radioactivity incorporated into microbial lipids.

Nucleic Acid Analysis

Recent techniques for probing environmental samples
with nucleic acid probes have allowed for the first time
truly synecological studies (Hazen and Jiménez 1989).
The section of genomic structure that codes for enzymes
involved in biodegradation, regardless of species, can
finally be assayed. These probes allow a nearly direct esti-
mate of the functional capability of the environment being
tested. Direct extraction of DNA from filtered water
allows direct determination of the presence and amount of
certain conserved nucleic acid sequences that code for the
enzymes involved in contaminate degradation. These
probes should allow direct assessment of the amount of
organisms (regardless of species) capable of degrading
TCE/PCE and/or providing essential conditions (eg.,
nitrogen, pH for optimal in situ bioremediation).

DNA was extracted from sediment samples by direct lysis,
alkaline extraction procedure, and bead homogenization
with a bead beater (Reference?). Cell lysis was achieved
by incubation in a solution of 1% sodium dodecyl sulfate
(SDS) in 0.12 M sodium phosphate buffer (pH 8.0) for 1
hour at 70°C. Lysis was further increased by homogeniza-
tion in the bead beater for 5 minutes. Sediments were
washed three times with 0.12 M sodium phosphate buffer,
and supernatants were pooled and transferred to another
container where 0.5 volumes of polyethylene glycol (50%)
were added to precipitate the DNA overnight. After cen-
trifugation, the pellets were suspended in Tris EDTA (TE)
buffer (pH 7.0), and DNA were purified by two phenol and
one chloroform isoamyl alcohol extractions to separate
sediment particles, protein, and carbohydrates from the
DNA. Final precipitation was done by adding two vol-
umes of ethanol and one-tenth volume of sodium acetate.

Concentration and purity of DNA were determined by
absorbance at 260 and 280 nm and by ethidium bromide
quantification (Maniatis et al. 1987). The resultant purified
DNA were fixed on nylon filters and hybridized under
stringent conditions with specific DNA probes. RNA were
extracted in a similar fashion (Sayler et al. 1::39).

The following probes were chosen as being important and
readily available (Hazen 1991):

¢ a TCE-degrading type I methanotroph (68-1) probe
(This probe is DNA fragment that encodes a putative
gamma subunit of methane monooxygenase and 16S
rRNA.) (ORNL, UT, UM)

« atype II B gene methanotroph 16S rRNA probe (UM)

» a potentially TCE-degrading Tod(C2C1BA) toluene
diooxygenase complex, Pseudomonas putida F1
(ORNL, UT)

* a potentially TCE-degrading nahA Naphthalene dioox-
ygenase, Pseudomonas putida NAH7 (ORNL, UT)

* a potentially TCE-degrading TOL upper pathway
xylene oxidase, Pseudomonas putida mt2, pWWO
(ORNL, UT)

» a TCE-degrading toluene diooxygenase (Tod C2C1BA)
from Pseudomonas putida (This probe is also being
used by UT, thus data from UT and PNL/WSU can be
compared.) (PNL, WSU)

* a cytochrome P450cam (camC) from Pseudomonas
putida that dechlorinates alkanes oxidatively and
reductively (P450s are a family of enzymes known to
be involved in xenobiotic degradation.) (PNL, WSU)

+ a TCE-degrading toluene monooxygenase (tmoAB-
CDE) from Pseudomonas mendocina KR1 (PNL,
WSU)

* a haloalkaline dehalogenase (dhlA) from Xanthobacter
autotrophicus (This probe has a broad substrate speci-
ficity and it hydrolytically dechlorinates alkanes; it may
have activity against PCE/TCE metabolites.) (PNL,
WSU)

» a haloakanoate dehalogenase (dhlB) from Xantho-
bacter autotrophicus (Broad substrate specificity may
have activity against PCE/TCE metabolites.) (PNL,
WSU)

Protozoan Analysis

Recent work has indicated that small numbers of protozoa
commonly inhabit subsurface soils at pristine sites at vari-
ous geographical locations. The ubiquitous distribution of
protozoa in the subsurface have important implications in
bioremediation operations. When nutrients are added to
increase bacteria biomass, concomitant increases in proto-
zoan populations occur. These protozoa may be important
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in removing bacterial biomass and cycling contaminants
that were only adsorbed to biomass and not degraded. Pro-
tozoa also could be important in maintaining hydraulic
conductivity and ensuring proper flow of nutrients into
contaminated zones. Protozoa also may be important in
maintaining balanced growth, thus facilitating greater met-
abolic efficiency.

Samples were diluted and plated inside plastic rings
imbedded in a non-nutrient agar-base. One milliliter of
water was added to each ring and replenished as needed.
Non-growing cells of Enterobacter aerogenes were sup-
plied as a food source. Cultures were checked between
three days and two months by making a wet mount and
examining the slides with phase microscopy. Protozoan
counts were expressed as counts per gram dry weight, and
representative protozoa were identified.

Fungal and Actinomycete Analysis

Large increases in biomass during remediation projects
may cause increases in fungal biomass. Some yeast have
been implicated in TCE degradation (Wackett et al. 1989).
The importance of fungi in contaminated environments
has largely gone unstudied. Fungi and actinomycetes in
sediment samples were enumerated with acidified myco-
logical agar and acidified actinomycetes isolation agar.
Colonies isolated on these median were screened for their
ability to degrade TCE/PCE in vials in the presence of air
supplemented with methane and propane.

Results

Microbiological analyses from the post-test sampling must
be interpreted with caution because sediment sampling
was delayed nearly six weeks after the test had ended.
Since microorganisms have the inherent ability to multiply
or die exponentially, significant microbiological changes
may have occurred after the test was completed. However,
subsequent sediment sampling done during the in situ
bioremediation demonstration at the site failed to reveal
marked changes in sediment microbial parameters over
short periods of time (i.e., three months).

Acridine Orange Direct Counts

Densities of bacteria in the sediments as measured by
AODC (106—108) were similar to densities seen at other
pristine sites at SRS and other places (Hazen et al. 1991).
The post-test characterization AODC densities were high-
est at the surface, decreased through the vadose zone, and
increased again in the tan clay zone area above the water
table (Figures 7 and 8). The highest microbial densities in
the vadose zone were closely associated with areas con-

taining the highest proportions of sandy/gravelly sedi-
ments above a clay layer. The overall pattern seen for
AQODC in the post-test characterization sediment was very
similar to the pretest characterization samples. One major
difference in the pre- vs. post- AODC densities is that in
nearly all areas the post-test densities were an order of
magnitude lower (i.e., post-test densities were 10°-107
whereas pre-test densities were 107-108 cells/gdw. (See
Appendix III for depth discrete comparison by borehole.)
These observations suggest that the overall biomass in the
sediment decreased; however, other analyses presented
below show that certain functional groups in the microbial
community increased and the physiological activity (turn-
over rate) of the community increased because of injec-
tion/extraction of air to the subsurface. These findings are
not incongruous with nutrient stimulation of oligotrophic
soil and aquatic environments. In areas that are under
nutrient limitations, the environment has more generalists
and higher biomass that are relatively inactive. As nutrient
limitations are ameliorated, the biomass decreases even as
the total productivity of the community increases and
becomes dominated by specialists.

Aerobic Heterotrophic Plate Count

Densities of viable bacteria for both high- and low-nutri-
ent media (101—104 cells/gdw) were in the range observed
for SRS sediments and other sites (Hazen et al. 1991). Via-
ble bacteria densities were 2-3 orders of magnitude lower
than direct count densities as measured by AODC (i.e.,
10°-107). The number of viable bacteria that grew on a
low-nutrient medium (1% PTYG) was highest in the sur-
face soil, in areas immediately above both horizontal
wells, in the tan clay zone zone, and in sediments below
the water table (Figure 9). Pretest characterization densi-
ties were higher in some areas and lower in others (Figure
10). In general, densities of viable bacteria in the vadose
zone sediments showed a significant increase after in situ
air stripping in areas above the extraction well and in the
“tan clay” zone between the extraction and injection wells
(Figure 11). High-nutrient medium (full-strength PTYG)
showed nearly identical patterns as the 1% PTYG; how-
ever, densities of bacteria on PTYG were always lower
(with two exceptions) than 1% PTYG (Appendix VI). This
result suggests that viable bacteria in the sediment were
stimulated by the in situ air stripping process and that
these organisms adapted to growth under low-nutrient
conditions since fewer would grow on high-nutrient
media. It is important to note that the changes observed for
viable counts were quite different when compared to the
AODCs, which significantly decreased. This suggests that
the sediment originally had a large number of bacteria that
could not grow on the low-nutrient medium and that the in
situ air stripping process increased the number that would
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grow and eliminated those that would not. Thus, standing
biomass as measured by direct counts decreased, while
turnover rate and community activity increased. The com-
munity as a whole was stimulated physiologically and
became much more active. Other measurements reported
below further substantiate these findings.

Densities of bacteria on 1% PTYG were significantly cor-
related with the percentage of water in the sediment sam-
ple for all boreholes (Appendix V); the correlation
improved with increasing depth. The only exception to
this observation was the surface soil samples which had
very high densities even though the water content was
quite low. This is to be expected since the surface soil has
greater nutrient input and water content changes. A posi-
tive correlation was also seen between percent gravel and
bacteria density; thus, sediments with increased perme-
ability may be able to support a more luxuriant microbial
community. Nutrient content of the sediment is important
in determining the density of viable bacteria in the sedi-
ment samples. Positive correlations were observed
between 1% PTYG densities and total organic carbon
(TOC), total nitrogen, and total phosphorus (Table 25). A
positive correlation between biomass and these nutrients
could result from the biomass itself increasing concentra-
tions of these compounds in the sediment or due to the
stimulatory effect these growth-limiting compounds have
on biomass. Since the bacteria densities were relatively
low, the contribution from the biomass was insignificant
relative to the concentrations observed in the sediments.
Thus, the TOC, TKN, and TP distribution in the subsur-
face sediment had a significant overall effect on the distri-
bution of biomass in the subsurface. Given these findings,
it is possible that increases in activity and densities of via-
ble bacteria observed in the post-test sediment could have
been due to changes in water/air flow in the subsurface
that caused changes in the flow of these essential nutrients
in the subsurface. Thus, areas depleted in C/N/P were
infused with new sources because of flow changes caused
by the in situ air stripping test.

In contrast, sulfate content was inversely correlated the
1% PTYG densities (Table 25). In sediment samples with
high concentrations of total sulfate, bacterial densities
were significantly lower. In addition, sediment samples
with low pH also had lower concentration of bacteria.
These findings are expected since microbial community
biomass and diversity is less under acid conditions. Higher
sulfate concentrations could have contributed to the higher
acidity of these sediments and, therefore, the observations
taken from the data.

Methane Enrichment Most Probable Number
Enumeration

Densities of methane-oxidizing bacteria (methanotrophs),
as measured by the methane-enrichment MPN technique
(though detectable), were extremely low (i.e., <10! MPN/
gdw) (Table 26). This is typical of environments where the
bulk material is aerobic and low in nutrients. This would
also indicate maximum potential for methane stimulation,
since methanotrophs were present but in very low
densities.

Enzyme Analysis

Concentrations of alkaline and acid phosphatase followed
a subsurface distribution pattern in the sediment that was
very similar to that seen for viable bacterial densities
(Appendix V). Concentrations were highest just below the
surface, declined rapidly in the vadose zone, and increased
again in the tan clay zone and below the water table. Alka-
line phosphatase concentrations were usually higher than
acid phosphatase in all areas except the tan clay zone and
below the water table. A positive correlation was observed
between densities of viable bacteria and phosphatase con-
centrations, both acid and alkaline. It is interesting to note
that steep declines or increases in concentrations of either
parameter were associated with declines or increases in
bacterial density. Since these areas were also the areas
where increases were observed (because of the in situ air
stripping test), it can be further suggested that physiologi-
cal activity in these areas greatly increases because of
increased movement of nutrients. Dehydrogenase concen-
trations were much less variable than either acid or alka-
line phosphatase, though the same patterns were also
observed for this enzyme (Appendix V). Indeed, all of the
enzyme assays suggested that microbial activity was
greater in those areas most affected by the injection pro-
cess or those areas where the numbers of viable bacteria
had increased (or both). Due to extreme variability of the
enzyme concentrations, correlations between enzyme con-
centrations and any of the other parameters were
extremely poor. A significant correlation was observed
between 1% PTYG and acid phosphatase (r=0.51, P <
0.05). Since the environment is generally acidic, this is
also as expected.

Community Diversity/Functionality

Carbon source utilization patterns were determined for
bacteria isolated from sediments in boreholes 3T, 5V, and
10B (Appendix VI). Of the 611 strains that were character-
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ized, 403 were heterotrophs and 208 oligotrophs. This fur-
ther suggests that the bacteria at this site are generally
adapted to low-nutrient conditions. Of the three boreholes
examined, 5V was the least diverse and had the fewest
number to oligotrophs. Since cluster 5 is also the area
found to be the most stimulated in terms of viable bio-
mass, physiological activity, and densities of nitrogen-
transforming bacteria, it is logical that it would also sup-
port the fewer generalist and more specialists. In general,
it appears that the diversity may have decreased after the
in situ air stripping test, though it is difficult to compare
since the colony morphology alone was used to estimate
diversity in the pretest characterization. From this and
some of the other parameters, it does appear that the stim-
ulation of the subsurface community by the in situ air
stripping process did decrease diversity as it increased
nutrient availability and physiological activity.

Bacterial Fluorescent Antibody Direct Counts

Direct enumeration of select bacterial species using fluo-
rescent antibody staining was extremely variable (Figures
12-16, Appendix VII). Densities ranged from <100 cells/
gdw to >107 cells/gdw in the same profile. Azotobacter
chroococum was sporadically found before the in situ air
stripping test, with the highest densities occurring near the
soil surface and below the water table (Figure 12). After
the test, bacterial densities in the sediments had increased
significantly, especially at cluster 5 (Appendix VII). This
was not surprising since Azotobacter is a nitrogen fixer.
The other nitrogen-transforming bacteria showed a similar
pattern of being found more frequently and in higher den-
sities after the in situ air stripping test. Since the air
injected during the test was >70% nitrogen, this undoubt-
edly stimulated the nitrogen fixers, encouraging the rest
the nitrogen cycle. Indeed, the stimulation in the nitrogen-
transformers could have been the major cause of viable
biomass increase and the increase in physiological activity
measured by the other parameters. However, nitrogen fixa-
tion would require a good and abundant source of carbon
for energy, and this did not appear to be readily available.
More than 90% of the carbon in this environment is TCE
and PCE, neither of which can be used as an energy
source. Thus, the source of energy for these transforma-
tions remains unknown. It is also important to note that
one the bacteria analyzed, Nitrosomonas europaea, is an
ammonium-oxidizer. This bacteria also produces a
monooxygenase that is capable of degrading TCE. Thus,
stimulation of nitrogen transformation may have resulted
in increasing (directly) the ability to degrade TCE in the
environment (Figure 13).

Iron bacteria did not significantly change as a result of the
injection/extraction. Thiobacillus ferrooxidans densities

were slightly higher at cluster 3 and 7 before the test and
slightly higher after the test at cluster 5; overall, there was
no significant difference (Appendix VII). These results
and the L. pneumophila data are important because they
verify the findings for the nitrogen-transforming bacteria
(i.e., because the results for this bacteria are quite different
than the nitrogen-transformers, it is unlikely that the fluo-
rescent antibody staining technique alone caused the
observed results). These results also indicate that not all
bacteria populations were stimulated by the injection/
extraction process; some like Thiobacillus ferrooxidans
were relatively unaffected.

A TCE-degrading bacteria isolated from M-Area sedi-
ments (SRL-MIIF) was found only slightly more fre-
quently in sediments after the in situ air stripping test
(Figure 14). However, densities at most depths at cluster 5
were higher after the test. Thus, air injection may have
also stimulated a specific organism capable of degrading
TCE.

Densities of the ubiquitous human pathogen, L. pneumo-
phila serogroup 1, were generally low and either remained
the same or decreased slightly after the in situ air stripping
test (figures 15 and 16). Thus, stimulating the subsurface
biomass did not concomitantly increase the densities of
frank pathogens. Indeed, L. pneumophila seem to be rela-
tively unaffected by the in situ air stripping process.

Phospholipid Fatty Acid Analysis and Other
Physiological Measurements

The PLFA analyses are presented in Figures 17-24 and in
Appendix VIIIL. Well MHB-3T contained four samples (54,
17, 29, and 41 feet) that exhibited a high level of hydrocar-
bon contamination. The hydrocarbons co-eluted with a
number of the PLFA influencing the biomass estimates for
these four samples. The profile for 65 feet contained
PLFAs characteristic of actinomycetes (10mel6:0 and
10me18:0) as well as a very high level of i15:0. The cyclo-
propyl PLFA were also prominent and the trans/cis ratio
for 16:1w7t/c was high suggesting the community was
under some form of environmental stress. (Note that these
samples were collected six weeks after injection had
stopped).

Well MHB7T contained a number of sample depths with
biomass estimates above that of the blanks. The profile at
3 feet, again, showed a high level of i15:0 as well actino-
mycete PLFA. Figure 15 shows a biomass increase
between the depths of 75 and 167 feet with the highest
level at 119 feet. The zone of influence of the injection/
extraction is in this same region. The fungal PLFA
(18:2wb6) appeared at the depths of 75 and 111 feet. The
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119- and 131-foot depths showed increased percentages of
16:1w7c and 18:1w7c (gram negative bacteria). The 131-
foot depth also showed the presence of long-chain satu-
rates which may either come from protozoans or contami-
nation. Short-chain PLFA (14:0 and 15:0) also appeared in
the sample taken between 75 and 167 feet.

Only two samples (from borehole MHT-9B) were above
background levels. PLFA synthesized fractions for fungi
and gram-negative microorganisms were detected.

Six samples (from borehole MHT-10B) had biomass esti-
mates above those of the blanks. The 95- and 111-foot
depths showed the highest percentages of 18:2w6; the 87-
foot depth showed an increased trans/cis ratio for 16:1w7t/
c; the 75-foot depth showed substantial cyclo propyl syn-
thesis; and the 135-foot depth showed long-chain
monoenoics (again, possibly eukaryotic input). Only one
depth, 51 feet, showed PLFA indicative of gram-positive
microorganisms and, again, the PLFA was i15:0.

Borehole MHB-1V contained a sample at 3 feet that
exhibited a PLFA profile similar to 3-foot depths in the
other wells. A similar profile was again detected at 15 feet
with a decrease in the terminally branched and an increase
in the monoenoic PLFA as compared to the 3-foot sample.
Of the remaining depths, only the 27- and 99-foot depths
contained PLFA above background. Both of these samples
contained a mono-unsaturated 20 carbon PLFA.

Borehole MHB-5V contained samples with little PLFA
throughout the depths retrieved. Although the procedural
blanks were quite low, only the sample at 191 feet showed
a biomass estimate above background levels determined
from the other wells. Trans PLFA were detected in sam-
ples 15, 87 and 167 feet, indicating these microbial com-
munities were undergoing some form of stress.

Borehole MHT-11C at 171 feet showed hydrocarbon con-
tamination. Again, the 3-foot depth showed an actino-
mycete input as well as substantial levels of terminally
branched PLFA. At this depth, the biomass estimate was
the highest of all wells analyzed. Very little was detected
below the 3-foot depth. Depths of 87, 99, and 123 feet
showed 18:2w6 (fungal).

Overall, the PLFA analyses of the sediment indicated a
diverse community with high biomass of actinomycetes
and fungi at some depths. Biomass estimates by PLFA
corresponded nicely to estimates by heterotrophic plate
counts (i.e., fairly low biomass but with zones of higher
concentrations). As with the other parameters, the PLFA
indicated highest biomass near the surface, the tan clay
zone, and just below the water table. PLFA analyses also

indicated the microbial community was under some stress;
this may be due to the fact that sampling of the sediment
was delayed until six weeks after the in situ air stripping
had stopped. Thus, the microbial community was probably
already in decline.

Nucleic Acid Analysis

The nucleic acid analyses revealed that certain functional
groups were more likely to be found than others. Brock-
man et al. (Z9XX) showed in two boreholes that toluene
dioxygenase (TOD) and haloalkane dehalogenase were
fairly common while methane monooxygenase (MMO),
methanol dehydrogenase, and toluene monooxygenase
were present but fairly rare (Table 27). This assay alone
illustrates that bacteria with the functional capability to
degrade TCE were present in the sediments tested and thus
presumably could be stimulated or optimized to carry out
those reactions. Sayler et al. (1989) showed that (Figure
25) 70% of the sediment in some boreholes tested positive
for MMO and TOD. In general, there was an increase in
the frequency of MMO in the sediments after the in situ air
stripping test. The TOD gene also increased in frequency
in some of the clusters; however, it could not be detected
in two of the boreholes. Other laboratory studies have
shown that isolates from these sediments are capable of
degrading TCE at a very high rate (Sayler et al. 1993).
Thus, the gene probe analyses have demonstrated that
functional groups capable of degrading the contaminants
in the sediments are present and that their incidence
increased after the in situ air stripping test.

Protozoan Analysis

Sinclair found some protozoa in sediment samples at vari-
ous depths. However, densities were very low and could
only rarely be observed. It does not appear that in its cur-
rent oligotrophic state that this environment supports a
significant protozoan community.

Fungal and Actinomycete Analysis

Brockman et al. found similar concentrations of viable
bacteria on 10% PTYG as reported above for 1% PTYG
(Table 28). He also found densities of actinomycetes on
enrichment medium that were generally very low (100—
102). This result agrees with the PLFA analyses that indi-
cated actinomycetes were present but low and that biom-
ass of all microbes was low. Fungi were also present but
probably not significant relative to the bacterial biomass.
Analyses of enrichments for TCE removal demonstrated
that 50% of the sediments enriched for methane oxidizers
showed TCE removal while none of the enrichments for
propane-oxidizers, ammonia-oxidizers, Fe(lII)-reducers,
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or sulfate-reducers showed any removal of TCE (Table
29). These findings indicate that, even though low in den-
sity, methanotrophs can be enriched and this enrichment
will allow them to remove TCE from the sediment.

These findings and the findings reported above for the
other microbial parameters have demonstrated that the
subsurface microbial community is oligotrophic, under
stress, and can be stimulated by injection of air alone.
Given the presence of methanotrophs and their ability to
degrade TCE, it would also seem highly likely that a com-
bination of methane/air injection would stimulate the com-
munity to degrade TCE in the sediment and groundwater
at a much faster rate.
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Table 25, Correlation Matrix of 1% PTYG Against Nutrients for Post-test Characterization Sediment Samples
Depth Irom  CEC T;‘;' pH PO4 SO4 TOC l,l;é’c
Depth 1.0000
Iron 0.1300 1.0000
CEC -0.0333  0.0347 1.0000
Total N2 0.1956 03981 0.5376 1.0000
pH 0.2958 -0.1984 -0.1217 -0.1170 1.0000
PO4 04739 04324 0.1913 0.5628 0.0414 1.0000
SO4 0.1722 04518 -0.0876 0.2319 -0.0295 0.2017 1.0000
TOC -0.1452 02787 03430 03914 03979 0.0292 0.1532 1.0000
1% PTYG 0.3999 03086 0.0601 0.3703 04957 0.4385 0.0092 04229 10000
*  All r0.304, P<0.05
Table 26. Methanotroph Densities in Sediment Samples from MHB3T
Depth Standard
(f‘:) MPN/gdw > e o
5 1.9E+00 0.3
17 <4.2E+00
29 <1.9E+00
41 <2.1E+00
53  <1.2E+00
65 <1.4E+00
77  <1.3E+00
89 9.5E-01 0.4
101  <1.4E+00
113 <1.2E+00
125  <4.0E+00
Table 27. Hybridization Probe Analysis of DNA Extracted from the Savannah River Sediments
Depth Seoluble methane Methanol Toluene Toluene Haloalkane
Borehole .
{ft) monooxygenase dehydrogenase monooxygenase dioxygenase dehalogenase
MHBST *99 no hybridization 0.2-1.0 no hybridization  no hybridization 0.2-1.0
*111 no hybridization no hybridization no hybridization no hybridization 0.2-1.0
*123  no hybridization 0.2-1.0 0.2-1.0 0.2-1.0 no hybridization
135 no hybridization no hybridization  no hybridization 0.2-1.0 0.2-1.0
MHT12C *97 0.2-1.0 no hybridization 0.2-1.0 0.2-1.0 0.2-1.0
109 no hybridization . no hybridization  no hybridization 0.2-1.0 0.2-1.0
120 no hybridization no hybridization = no hybridization 0.2-1.0 0.2-1.0
*129 no hybridization no hybridization no hybridization 0.2-1.0 0.2-10

* Samples in which DNA was not visualized by gel electrophoresis.

Results reflect amount (picograms)of probe per gram sediment hybridizing to sediment DNA.
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Table 28. Concentrations of Viable Bacteria on 10% PTYG
Plating (2 mo) MPNs (3 mo)
MHT-12C PTY ATA Meth- Prop- Amm-
(depth in ft) G LOA ox ox ox
73 399 363 <2.00 <0.60 <0.60 <0.60
85 643 360 298 <0.60 <060 1.82
97 462 254 <200 <060 <060 095
109 392 336 <200 >3.51 <060 <0.60
120 199 <2.00 218 <060 <060 1.82
MHT-5B
3 697 551 392 >3.51 <060 >3.51
15 560 341 238 >351 <060 1.66
27 248 <2.00 <200 ND ND ND
39 236 285 208 >3.51 <060 <0.60
51 4.74 294 <200 ND ND ND
63 234 <200 <2.00 <0.60 <0.60 <0.60
75 323 <200 249 ND ND ND
87 <2.00 <2.00 <200 <0.60 <0.60 <0.60
99 <2.00 204 <200 <0.60 <0.60 <0.60
Table 29. Cultural Characteristics of Savannah River Sediments at the End of the Air Injection Campaign
F. lo.g Colox-ly log MPN Percent of Sediments Showing TCE Removal in Enrichments for:
orming Units on:
C.a MPULY,  10% PTYG 10% AIA dinitrogen methane propane ammonia Fe(III) sulfate
Sediment Type, . . . methanogens
(a) (a) fixers (b) oxidizers oxidizers oxidizers reducers reducers
and Number
air,
weakly affected, 1,1,1,1,0,0 1,2,1,0,00 ND(c) 50 0 0 0 ND
n=4 .
a  expressed by class: <2.0, 2.0-2.9, 3.0-3.9, 4.04.9, 5.0--5.9, and 6.0-6.9, respectively
b expressed by class: <2.5, 2.5-3.4, 3.54.4, and >4.4, respectively
¢ not determined
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Figure 7. Post-Test Acridine Orange Direct Count
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Figure 8.

Pre vs. Post Acridine Orange Direct Count
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Figure 9.

Count vs. Sediment Gravel Content in PreCharacterization Subsutface Sediments
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Figure 10.

Pretest 1% PTYG
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Figure 11.  Pre vs. Post 1% PTYG
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Figure 12.

Pre vs. Post Azotobacter chroococum
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Figure 13.  Pre vs. Post Nitrosomonas europaea

93X0456.fmk

55




WSRC-RD-93-369

Figure 14,

Prc vs. Post SRIL. MIIF
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Figure 15.  Pretest Legionella pneumaophila
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Figure 16.

Post-Test Legionella pnewnophila
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Figure 17.  Phospholipid Fatty Acid Analysis for MHB-3T

Figure 18.  Phospholipid Fatty Acid Analysis for MHB-7T
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Figure 19.

Figure 20.

Phospholipid Fatty Acid Analysis for MHB-9B

Phospholipid Fatty Acid Analysis for MHB-10B
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Figure 21.  Phospholipid Fatty Acid Analysis for MHB-1V

Figure 22.  Phospholipid Fatty Acid Analysis for MHB-5V
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Figure 23.

Figure 24.

Phospholipid Fatty Acid Analysis for MHB-11C

Phospholipid Fatty Acid Analysis for MHB-12C
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Figure 25.  Post-Test MMO and TOD in Sediments
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Contamination Distribution

Sediments sampled from the post-test borings were ana-
lyzed for both TCE and PCE content. There was a signifi-
cant decrease in the amount and extent of contamination,
especially for PCE, as a result of the in situ air stripping
demonstration. Analytical results for all the post-test bor-
ings are reported in Appendix IX and are plotted against
depth in Appendix X. Three-dimensional imaging tech-
niques were used to prepare pretest and post-test images of
TCE and PCE distribution (Figures 26-29) and to estimatc
pretest and post-test contaminant inventories to evaluate
the effectiveness of the remediation.

Methods

The pretest and post-test values from chemical analysis
were entered into a database and three-dimensional repre-
sentations of the post-test data were prepared using a Sili-
con Graphics Workstation with Dynamic Graphics
Software. The data from the pretest and post-test were
modeled using the same parameters. The approach to
modeling the data to produce the optimal representation of
the data is summarized below and is presented in detail in
Eddy and Looney (1993).

Two- and three-dimensional surfaces are used to bound the
models to prevent large extrapolation errors in areas wherc
no data control points are present. Sccond, the effccts of
important variable parameters (e.g., grid size, grid spac-
ing, and weighting factors) werc evaluated (Eddy and
Looney 1993). A significant effort was made to usc-appro-
priate parameters to calculate the grids for the construction
of the three-dimensional models. The grid cell spacing of
approximately 14 x 14 x 3 feet was chosen to approximatc
the spacing between sediment borings. A very low z-influ-
ence factor (0.001) was used to enhance the lateral conti-
nuity of between-sample zones. Logarithmic transforma-
tions, used prior to gridding, are used to preserve the stecp
gradients found at the edges of the contaminant plumes. A
semi-logarithmic scale was chosen for the contour inter-
vals as it provided the best representation given the distri-
bution of data values.

Models for the distribution of pretest and post-test TCE
and PCE were constructed using three distinct zoncs
reflecting the hydrostratigraphy at the site. The zones con-
sist of the vadose zone, the water table aquifer grouped
with the semi-confined aquifer, and the underlying con-
fined aquifer (Figure 30). In this approach, only data

within a zone was used for calculation of concentration
values within that zone, and points that were outside the
zonc did not influence calculated values. The vadose zone
is bounded at the top by the topographic surface and at the
bottom by the water table. The top surface of the water
table/semi-confined zone is bounded by the water table
and the bottom by the “green clay”. The top surface of the
confincd zone is bounded by the “green clay” and the bot-
tom by the 160-foot elevation. All models are bounded lat-
crally by the same polygon.

Results

The pretest and post-test distribution of solvent in the
study arca was strongly heterogeneous, governed by the
location of the contaminant release and migration gradi-
cats, and by the interbedded coastal plain sediments (Eddy
ct al. 1991). Figures 26 and 27 show the pretest distribu-
tion of TCE and PCE at concentration of greater than 1
ppm for TCE and 0.25 ppm for PCE. In general, the high-
est concentrations of TCE and PCE in the vadose zone are
found in the clay-rich sediments. In both cases, the highly
stratificd sediments contribute to the anisotropic distribu-
tion in the study area. Statistical analysis showed that the
data were positively skewed and are well characterized by
a lognormal distribution. Careful sampling in the field sup-
ports these obscrvations. For example, during pretest char-
acterization, a sample collected in clay at 95 feet in boring
MIIT-4C contained 11 ppm TCE and a sample collected at
96 fcct in sand contained 0.9 ppm. These values nearly
span the range of concentrations (0-16 ppm) over a dis-
tance of 1 foot.

The post-test models (Figures 28 and 29) also showed a
strong heterogenous distribution of contamination and a
significant dccrease in the extent of contamination, espe-
cially for PCE. In the vadose zone, the bulk of the contam-
ination is still confined to the clay-rich zones, especially in
the basal clays of the Dry Branch Formation (“tan clay”
located at approximately 270 feet). In general, the highest
concentrations of solvent during both the pretest and post-
fest investigations were found in this unit. The highest
post-test values measured for TCE and PCE were 6.3 ppm
{(MHB-GT at 258-foot elevation) and 1.6 ppm (MHB-1T at
270-foot clevation), respectively. In contrast, the highest
valucs mecasured for TCE and PCE in a pretest boring were
163 ppm (in MHT-6C at 266-foot elevation) and 8.75
ppm (in MHV4 at 322.7-foot elevation), respectively.
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In the saturated zone, the concentrations of solvents mea-
sured in the sediments in the semi-confined aquifer were
significantly reduced during remedial activities (i.e.,
essentially no material with concentrations of TCE >1
ppm and PCE >0.25 ppm remain after the remediation
demonstration). High concentrations of solvents in the sat-
vrated zone were found during both pretest and post-test
characterization below the “green clay” confining unit.
Prior to the demonstration, it was not anticipated that the

in situ air stripping system would significantly affect the
contamination in this aquifer. The characterization data
suggest the this is not the case, especially in the region
where the horizontal well plunges below the “green clay”
into the confined aquifer (shown by the blue data point on
the green clay surface in Figure 3). The air injection sig-
nificantly lowered the concentrations in the confined aqui-
fer in this region.
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Post-Test Evaluation—/n Situ Air Stripping Demonstration

Figure 26.  Pretest Distribution of TCE
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Figure 27.

Pretest Distribution of PCE
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Figure 28. Post-test Distribution of TCE
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Figure 29.

Post-test Distribution of PCE
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Post-Test Evaluation—In Situ Air Stripping Demonstration

Figure 30.

Zones Used in Modeling at the Intcgrated Demonstration Site
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Figure 31.

Pretest TCE in Scdiments at the Integrated Demonstration Site
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Volumetric Calculations

Methods

Pretest and post-test inventories of TCE and PCE at thc
Integrated Demonstration Site were estimated using thc
three-dimensional models as described above. Inventory
estimates are based on the calculation of volumes betwecn
isoconcentration surfaces and assignment of a mass to that
volume. The results of the volumetric calculations in the
three-dimensional imaging software are in units of cubic
feet of contaminated sediments. Volume estimates werc
calculated for each contour interval (Appendix V). Volume
calculations were converted to contaminant inventorics
using a series of assumptions. A bulk density of 1.6 was
used for sediments in the vadose zone, and 1.9 for the scd-
iments in the saturated zone. The value for the porosity of
40% was estimated from measurements made on samplcs
collected in geotechnical testing. The concentration uscd
for each interval was the average of the values of the two
bounding isoconcentration surfaces (c.g., 17.5 was uscd
for the volume between the 10- and 25-ppm surfaces). All
volume and inventory calculation arc for a control poly-
gon roughly 300 feet long and 250 fcct wide centered over
the horizontal remediation well pair. This spacing allowcd
detailed evaluation in the vicinity of the well pair. Addi-
tionally, selection of this control volume optimized the
accuracy of the inventory calculation by limiting the
extrapolation errors inherent in the preparation of the
three-dimensional grids. As discussed below, the contami-
nant inventories and measurements indicate that the zonc
of influence of the in situ air stripping extendcd wecll
beyond the control polygon.

Pre- and Post-test Inventory
Calculations

The calculations suggest that approximately 1200 Ib of
chlorinated compounds (TCE and PCE in Zones 1, 2, and
3) were present within the control zone at the site prior to
the in situ air stripping remediation demonstration; aftcr
the demonstration, there were only 500 Ib present (Appcn-
dix XTI). As discussed above, this contaminant mass is csti-
mated for the volume bounded by a polygon that cxtends
laterally 10-20 feet beyond the outcrmost boring loca-
tions, the ground surface, and the 160-foot elevation.
Based on the menitoring data, thc modeled volume is
smaller than the volume affected by the air stripping sys-
tem; over 16,000 b were measured in the offgas during
the remediation (Looney et al. 1991). This amount docs

93X0456.fmk

nol include the contamination removed as a result of bio-
degradation.

The results suggest that in the control zone prior to reme-
diation, more than 50% of the VOCs were in the vadose
zonc. The bulk of the material in the saturated zone was
found below the “green clay” zone. Note that the volumet-
ric calculations may overestimate the material in this
deceper zone. Trends in a few samples showed an increase
in contamination below the confining clay, resulting in the
cxtrapolation of a highly contaminated zone at the bottom
of the model where no data are available for control.

Comparison of the pretest and post-test results suggest that
57% of the solvents were removed from the modeled vol-
ume during the demonstration. The results indicate that the
remediation was more effective for PCE than for TCE
(i.c., 55% ol the TCE and 62% of the PCE was removed).
In addition, the process was more effective in the unsatur-
ated zone than in the saturated zone. Over 70% of the TCE
and 76% of PCE from the vadose zone was removed from
the madeled volume.

These results can be used to estimate the approximate time
required for cleanup of the solvents. Using a conservative
estimate of 50% removal from the vadose zone and
neglecting the beneficial effects of bioremediation, the
estimated time to clean up 99% of the contamination in the
control zone is approximately 2.5 years. Ninety-nine per-
cent was sclected because current groundwater levels are
on the order of 500 ppb and the drinking water standard is
5 ppb. This approach is based on the assumption that a
reduction of the contaminant source in the vadose zone by
99% would Icad to an approximately commensurate
reduction in underlying groundwater concentration.

C/Co = 50/100 = 0.5 = ¢’¥ (t in years)
= e-k(139/365) = e-0.381k
k =18
and for cleanup of 99% of contamination,
C/Co =1/100= .01 =Xt =18

t =25 years
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At nearby facilities groundwater levels greater than
100,000 ppb have been measured. Using the approach
developed above, the clean up fraction required is
99.99995, and the clean up time is approximately six
years. This suggests relatively rapid clean up at facilities
similar to the Integrated Demonstration Site, sites with rel-
atively high levels of VOC but without nonaqueous phases
(pure solvents) below the water table. The presence of
nonaqueous phases beneath the water table will require
application of concurrent technology targeted at this por-
tion of the plume.

Based on the data from the post-test sediment samples, the
cross hole tomography measurements, and the pressure
and concentration measurements above and below the
water table during the in situ air stripping test (Looncy
1991), the zone of influence in the vadose zone was larger
than the control volume. Below the water table, the injec-
tion well influenced monitoring wells ranging from 20 to
40 feet away from the injection well line.

As expected, the calculated pretest inventory of chlori-
nated solvents from the sediment data are lower than esti-
mates of total VOC releases to the M-Area Settling Basin
for several reasons. In part, this results from the limited
calculational boundaries of the control polygon. Second,
the demonstration was initiated along the leaking process
sewer line rather than the principal disposal unit (the
basin). Third, the site as used in 1987 for a vertical vac-
uum extraction test. (Sediment concentrations prior to the
1987 test were approximately 5-10 times the pretest levels
described herein.) Finally, any bias in sampling and analy-
sis could tend to result in loss of VOC (or underestimates

of contaminant). The potential for underestimating the
quantity of VOC present in the control volume due to sam-
pling and analysis losses was minimized by using a head-
space mcthod optimized for rapid sealing of the core
material into the final vial in the field (Eddy et al. 1991).

Based on process records (solvent usage, etc.), operating
procedurcs, and interviews with employees, Marine and
Bledsoc (1984) estimated that a total of 2,136,000 Ib of
solvents were released to the M-Area Settling Basin. Early
site characterization data (Pickett 1985) were used to
sclect the location of the integrated demonstration field
site location at one of the most significant release locations
along the process sewer. Comparison of the solvent mass
in the vadose zonc and saturated zone above the “green
clay” (the zone contaminated by leaks from the process
scwer linc), the pretest core data suggest that the inte-
grated demonstration field site control volume received
less than 1% of the releases to the basin. While there is
significant unccrtainty in both the original release esti-
mates (Marinc and Bledsoe 1984) and the results of the
volume moddels, the overall magnitude and relative values
arc reasonable.

The relatively low percentage of the VOCs identified in
the control volume (<1%) suggest that most of the VOC
reicased to the subsurface appears to have entered the
basin. Initiation of source control technologies, based on
those developed at the integrated demonstration field site,
arc currently ‘being initiated beneath the basin as part of
the full scale permitted A/M-Area groundwater corrective
action.
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6) Depth to Top of Filter Pack / 6/8 A

7) Depth to Top of Fine Sand Seal / {/6 ‘ Z/

8) Depth to Top of Bentonite Seal V4 ; (/ Z

9) Thickness of Grout /- s_? "/ é
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR  oAAvVES WELL NUMBER /#7447~ A1)
PRILLER S. LopBEes SRS COORDINATES
DATE OF WELL INSTALLATION ‘// 5’/ 72 SANITARY SEAL ELEVATION

TECH. O.S/CO.NAME 322G 5., / Sorrine
{ [ 4
: NOTE: ALL MEASUREMENTS

v — ARE FROM GROUND
SURFACE AT START
OF BORING - MEASUREMENTS
"""""" TO NEAREST 0.1 FOOT.
@9 N RV ,
:\:~_::~: <5> Cg) 1) Total Drilled Depth/Hole Diameter /4'S. 2 / yi4 %
,\”4 n,\’ i
:::: ::: Q) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
@ L ®
‘ﬁ 7 € (@) Sump & Plug Length __ /- s
CZE E:E‘__E:; C?) {b) Screen Length Lo. G
:::: ::: {c) Casing Joint Lengths (Measured in Up-
el hole Sequence From Top of Screen) /&- © 3’ 7 2. ’L,
@ é@ * _LO.2F jo.00 Jo.o¥f /o.02. /8.0,
e« v =) 7 7 7 7 L4
¢9.02, /0.03 /0.0/ /0.23 Z-Y24
r 7 7 rd

(d) Depthto Topof Screen /.23 . &3

®

3) Depths to Centralizers _ /&S . 0/ /22, al 79. 0/
J8.5 S.0.

4) Total Depth of Installed Well____/¥'S. I

5) Casing Stick Up (Standard 2.5' A.G.S.) 2-S

6) Depth to Top of Filter Pack /21 2

7) Depth to Top of Fine Sand Seal /Zo. o

7.0
8) Depth to Top of Bentonite Seal /7

9) Thickness of Grout___ 74 7.0
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR G VET

DRILLER _ S. £udcens

DATE OF WELL INSTALLATION __4/2¢/%0
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WELL NUMBER__ /847~ . 7C

SRS COORDINATES

SANITARY SEAL ELEVATION

NOTE: ALL MEASUREMENTS

ARE FROM GROUND

SURFACE AT START

OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.

1) Total Drilled DepthvHole Diameter /42 / + ¢ 76
I 4

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

(a) Sump & Plug Length 2 85

(b) Screen Length é-.' o3

{c) Casing Joint Len,_gths {Measured in Up-
hole Sequence From Top of Screen) 2. ed _10.42

L./, (2:0¢, /208 [o:0/ ([p.pf [0 02

L2201, [0.0f, [0.0f (0.0f [(0.01, [0-©

Lot 100/,

(d) Depthto Topot Screen __ /S3.

3) Depths to Centralizers /ﬁz; (5717, /7S,
.0 785 so

4) Total Depth of Installed Well__ /& 0+ F

5) Casing Stick Up (Standard 2.5' A.G.S.) P

6) Depthto Top of Filter Pack Z ‘/ 7 7

7) Depth to Tap of Fine Sand Seal /48.7

8) Depth to Top of Bentonite Seal L LA

9) Thickness of Grout 2943
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR (&5 /Z2AvES WELL NUMBER 447~ 7D
DRILLER S CaD G ees SRS COORDINATES
DATE OF WELL INSTALLATION ‘///f/ Fo SANITARY SEAL ELEVATION

TECH. O.8/CO.NAME %), afe., /gf/,;‘z
=2

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START
OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.

e [
- . A 4 7/
AW /%
4 A @) <g> 1) Total Drilled Depth/Hole Diameter /" (%4A yZ4
I\I /\I l
<2> ::: ::: G) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
c N I\I /\I
’ 2 ’} 8
o~ o~y ( 3; <> {a) Sump & Plug Length A i (A
@@ N ek C?D (o) Screen Length __&9- S 2
I:l /:/ :
o~ ~ {¢) Casing Joint Lengths (Measured in Up-
ey e hole Sequence From Top of Screen) /2. a/ laoz,
1 L4 7 7
<> @9 . . 77? /S, o/ o. oo /o,oa /&2_/7_

9-99,, Lo.02 (o.0/ [00Z (299

(d) Depthto Topof Screen___ /LS - <

3) Depths to Centralizers _/" S/S- 5 /27 S‘ 79- o,
s, So

4) Total Depth of Instailed Well V4 9/6 - ’7/

5) Casing Stick Up (Standard 25° AG.S.) "9

6) Depth to Top of Fiter Pack __ /2 /. &

7) Depth to Top of Fine Sand Seal /20,7

8) Depth to Top of Bentonite Seal __/Z 7- ‘/

9) Thickness of Grout /7S
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR (& paye s WELLNUMBER 47 - & C
DRILLER L. C. Pinkney SRS COORDINATES
DATE OF WELL INSTAULATION __ 7 ~©5 ~ 99 SANITARY SEAL ELEVATION

TECH. O.S/CO.NAME 4/l jam Toyce [ Sirrint EnviroamenTol

NOTE: ALL MEASUREMENTS

= ARE FROM GROUND
SURFACE AT START
OF BORING ~ MEASUREMENTS
TO NEAREST 0.1 FOOT.
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_ :~ :~: @ {(a) Sump & Plug Length _ £, 29 "
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K% B S0 hole Sequence From Top of Screen) _/0.C& /0. 04
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(d) Depth to Top of Screen /S5y 00’
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&/

3) Depths to Centralizers __ /€ 2-© " /52,0 " L/3.0°

722.0° 22,0° so.0’

7 4

4) Total Depth of instalied Well /E87.97°

L 4

5) Casing Stick Up (Standard 2.5’ A.G.S.) 2.5

6) Depth to Top of Filter Pack /50.9°

I
7) Depth to Top of Fine Sand Seal /992. 6

P4
8) Depth to Top of Bentonite Seal 9Y. 5

’
9) Thickness of Grout /9Y.5
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DRILLING SUBCONTRACTOR é‘;/&-»u-ﬁf-s WELL NUMBER /In }l T"‘/D
DRILLER ]Zen-* ﬂ)u..obﬂ/‘ SRS COORDINATES
DATE OF WELL INSTALLATION 5/] '7762) SANITARY SEAL ELEVATION

recH. ossco.name N+ e lud / e C

NOTE: ALL MEASUREMENTS

= ARE FROM GRQUND
SURFACE AT START
OF BORING ~ MEASUREMENTS
TO NEAREST 0.1 FOOT.

@ 1) TotalDriled DepthvHole Diameter _/</ 3/ / / N4 S olon
2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

CB) (a) Sump & Plug Length /37 5f )

(b) Screen Length o0 -0t/ 2]1" ;

{c) Casing Joint Lengths (‘!\_ﬁaasured in Up-
hole Sequence From Top of Screen) _/O - 0/,, 16:0/,
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(d) Depthto Top of Screen /25 # ]

4 / / /
3) Depths to Centralizers lo y, ‘/"//, 8 q{: / ZZ/_/ b

4) Total Depth of Instalied Well / ‘7’ @ : 4 % ‘
‘ : l 5) Casing Stick Up (Standard 2.5' A.G.S.) 4 ! §ﬂ .

) )
6) Depth to Top of Filter Pack / 9 / 4 ? U/ f'
7) Depth to Top of Fine Sand Seal Vi 25 (l)( f ’

8) Depth to Top of Bentonite Seal / / S - 3 éf :

9) Thickness of Grout / / g g {—
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MONITORING WELL N ON _ DIAGRAM

DRILLING SUBCONTRACTOR _G ray €S weLLnumser /1T £ <
bRILER  S+e ve Bocess / #3)) SRS COORDINATES
DATE OF WELL INSTALLATION _4_ /2 1) 9o SANITARY SEAL ELEVATION

TECH. 0.5/CO.NAME /A -Da.o\%aﬁ‘e o/ JSEC

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
] SURFACE AT START
OF BORING — MEASUREMENTS
TO NEAREST 0.1 FOOT,
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CYENES
’
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N
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@) QD 1) Total Drilled Depth/Hole Diameter /2.5 / / % !

2) Casing/Screen Tally (Measured to Nearest 0.01 Faot)
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AR YA E (a) Sump & Plug Length ﬂ ! 8 9
2E% Y .37
@9 Sl <7 (b) Screen Length
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0w e (c) Casing Joint Lengths (Measured in U
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CB (d) Depthto Top of Screen / 51/. [LQ
f ——

/ ’ /
3) Depths to Centralizers Q,O‘/ 34 0’/ 7'/. 0/ // %d/
/8Y.0°, 1640’ T

4) Total Depth of Instalied Wil ! ]+ 8 G

/’
5) Casing Stick Up (Standard 2.5' A.G.S.) 2.5
aCn /487

6) Depth to Top of Filter Pack

7) Depth to Top of Fine Sand Seal / e/(ﬁ ) &

8) Depth to Top of Bentonite Seal / 35 ?

g) Thickness of Grout / 3 5, ?
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR __ &2/ 42 S WELLNUMBER /A A7 =35 7D
/
orier £ . Kpesrs / # 311 SRS COORDINATES
: Sy y
DATE OF WELL INSTALLATION gz 57 go SANITARY SEAL ELEVATION

TECH. 0.8/co.NAME M MU‘GQ)A / Serei ne

NOTE: ALL MEASUREMENTS

= ARE FROM GROUND
SURFACE AT START
OF BORING —- MEASUREMENTS
TO NEAREST 0.1 FOOT.

VES

PR R4

’
A

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
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SN ENCO) QD (a) Sump & Plug Length /-3¢
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A I A {¢) Casing Joint Lengths (Measured in Up-
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2b {(d) Depth to Top of Screen 2
4 { / ’ :
3) Depths to CentralizerJé ’i L ‘/32, g @,5 123-5', / V%C
. ’
4) Total Depth of Instalied Well__/ ‘/# ? 3 ]
) 5) Casing Stick Up (Standard 2.5' A.G.S.) (4 5;
l-( H pu
6) Depth to Top of Filter Pack / / 7 S

_//?—-D'

7) Depth to Top of Fine Sand Seal

{
8) Depth to Top of Bentonite Seal / / / ) b

9) Thickness of Grout /]l OZ;/ 2
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MONITORING WELL CONSTRUCTION DIAGRAM

G/Ave.{

DATE OF WELL INSTALLATION

DRILLER Z C. /M/a.ely

</ ~20- Go

T

WELLNUMBER &7 ~7 - & &

SRS COORDINATES

SANITARY SEAL ELEVATION

TECH. O.S/CO.NAME &/ilfiam Tayce / Srring Enviroamialal

NOTE: ALL MEASUREMENTS

ARE FROM GROUND
SURFACE AT START

OF BORING — MEASUREMENTS
TO NEAREST 0.1 FOOT.

o

P - i
1) Total Drilled Depth/Hole Diameter /& &F. O / /! 7

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

(a) Sump & Plug Length . 2"

(b) Screen Length S, o2’

(¢) Casing Joint Lengths (Measured in Up- . .
hole Sequence From Topof Screen) /9. o0& s0.0/

>

' d s o
/0. 04° so0, 01  10.03 0.0z  s0.0A
- - ,

/0.07° r0.072° s p.0x° s0.0x° r0.03°
, , , ,

/003 /0. 02, t0.0r & .70

(d) Depth to Top of Screen S5 7. 00"

: 4 4
3) Depths to Centralizers _ /67, @~ 156.© , /76.9 ",

Cd

76.0° 60  g.o’

4) Total Depth of instalied Well /&Y, Gr°
5) Casing Stick Up (Standard 2.5' A.G.S.) 2,77
6) Depth to Top of Filter Pack /7. 0°

7) Depth to Top of Fine Sand Seal /I2. ¥

8) Depth to Top of Bentonite Seal /Y7 €

P4
8) Thickness of Grout /9.




MONITORING WELL CONSTRUCTION DIAGRAM

CRILLING SUBCONTRACTOR S AAVES WELL NUMBER #7~ & P
SRILLER S, oD Gezs SRS COORDINATES
DATE OF WELL INSTALLATION 5// s / 7o SANITARY SEAL ELEVATION

TECH. O.S./CO.NAME #f¢f,L.xx, / Jeeo

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START
OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.

@) <@ 1) Total Drilied Depth/Hole Diameter /4 7/// Z

@ 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
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hole Sequence From Topot Screen) _ /0. @2 /0.03 )

£ L4
IR

A YA YRR

f
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i (d) Depth to Top of Screen yd ;25

TN
\o/

3) Depths to Centralizers éi 4‘/1 3‘/" / 2‘/; 146

4) Total Depth of Installed Well__/¥&.. /o

5) Casing Stick Up (Standard 2.5' A.G.S.) 47- S

8) Depth to Top of Filter Pack __ /. Z2. /

7) Depth to Top of Fine Sand Seal ___/- Lo. (/

8) Depth to Top of Bentonite Seal / /& 7

9) Thickness of Grout Z /. 4 7
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR é/a ve s WELLNUMBER__ 4 A7 = 7 C
DRILLER j:m 0d Jm i74 SRS COORDINATES
DATE OF WELL INSTALLATION & -Lo-7¢ SANITARY SEAL ELEVATION

TECH. O.S/CO.NAME £Si///sm Joyce /Sirrine Enitiron ameatal

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START
OF BORING — MEASUREMENTS
TO NEAREST 0.1 FOOT.

\

@) @) 1) Total Drilled Depth/Hole Diameter /€ 7. O '/// 7% ”

T
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P RN

;7

Q) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

.}' | ( 3} <8> (@) Sump & Plug Length 2. 2 7 -

(7) (b) Screen Length S oz’
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(c) Casing Joint Lengths (Measured in Up- . .
hole Sequence From Top of Screen) _/@.o02 Swir (2 ,
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b4

20.03°, /0. .02 r0.03° /0.02° ,0.02°,

3

» V4 - . L4
r7e.03 r9.0F  [fo.0Y /0 .03 /0,02
4 rd

S572°

N N

vo.0v° 10,03 so0.0s
7

(d) Depth to Top of Screen /7€ eo’

3) Depths to Centralizers __ /0.0 ° , 3.0 " 725 .0°

5.0 5.0 s6X.0°

7 L4

4) Total Depth of Installed Well /63.91°

5) Casing Stick Up (Standard 2.5' A.G.S.) .07

6) Depth to Top of Filter Pack 257 .7 °

7) Depth to Top of Fine Sand Seal JrSo0. .Y

8) Depth to Top of Bentonite Seal ’YS.3

9) Thickness of Grout (95 2
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MONITORING WELL CONSTRUCTION DIAGRAM

SRILLING SUBCONTRACTOR = (G S WELL NUMBER ST D
crer Ko ek qe 40— SRS COORDINATES

(o] 25 /DD
OATE OF WELL INSTALLATION AT SANITARY SEAL ELEVATION

TECH. 0.S/CO.NAME MNland | J‘%l’mu / L -
-

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START
OF BORING - MEASUREMENTS

2

TO NEAREST 0.1 FOOT.
'
s,\’
9 | / 7,
~ C5> <g> 1) Total Drilled Depth/Hole Diameter /S / / / 3 olae—
::: Q) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
: N, <8> s -~ .
: ?:: Qg (a) Sump & Plug Length / - &
L Y 1 s
7 /7 L
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:::: B (c) Casing Joint Lengths (Measured in Up- -
2 o2 hole Sequence From Topof Screen) /L -y~ () /802 )
s, 7

¥
'S R
e

‘l\

/003, 70:89 ,,0.67, ;0.0 7, s00 00,
J O, 02, ]d,. 00, yp.¢f ) O O, [9:072
/

J DB
(d) Depthto Top of Screen l — : = O_
3) Depths to Centralizers __ ;— U Aﬁ_ﬁ :/L'@. / ‘2;29
_J4ys-o
4) Total Depth of Installed Well / ¥ 9. ¢
- -/
5) Casing Stick Up (Standard 2.5'AGS) = 2
6) Depth to Top of Filter Pack [ = / : \{
7) Depth to Top of Fine Sand Seal ] /7. <f
8) Depth to Top of Bentonite Seal d / L/ L
4.

9) Thickness of Grout
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DRILLING SUBCONTRACTOR

DRILLER

DATE OF WELL INSTALLATION
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MONITORING WELL CONSTRUCTION DIAGRAM

WELL NUMBER ”1 N 7- 8 C

SRS COORDINATES

SANITARY SEAL ELEVATION
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NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START
OF BORING — MEASUREMENTS
TO NEAREST 0.1 FOOT.

Q) 1) Total Drilled Depth/Hole Diameter __/ b?:Q/ /l 78

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
2-8%
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v

(a) Sump & Plug Length

(b) Screen Length

{c) Casing Joint Lengths (Measured in Up- .
hole Sequence From Top of Screen)p.l 0.04,/00, /0 M/
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(d) Depth to Top of Screen
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5) Casing Stick Up (Standard 2.5' AG.S.) ___ 2 * 5 ’
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o
8) Depth to Top of Bentonite Seal / l/ 9 - @
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6) Depth to Top of Filter Pack

7) Depth to Top of Fine Sand Seal

9) Thickness of Grout
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MONITORING WEL N TION DIAGRAM
DRILLING SUBCONTRACTOR Z7 rayds ' WELL NUMBER ﬂ A’ 7 - f /L
DRILLER S . Qucdrs SRS COORDINATES
J oy
DATE OF WELL INSTALLATION ée / ‘(\/ ?\D SANITARY SEAL ELEVATION
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: NOTE: ALL MEASUREMENTS
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OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.
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(d) Depth to Top of Screen / 2-9
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4) Total Depth of installed Well / S ©.3 ?

-
§) Casing Stick Up (Standard 25' AG.S) = ° >

6) Depth to Top of Filter Pack / ; g ’ QD

7) Depth to Top of Fine Sand Seal / P 3- ;

8) Depth to Top of Bentonite Seal [19: ,

{
9) Thickness of Grout . l cl ! ‘
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them 12 MONITORING WEL! CONSTRUCTION DIAGRAM
DRILLING SUBCONTRACTOR & /MT < ' : wel Numser M AT -9L4

DRILER ~Jerry AHormsby SRS COORDINATES

DATE OF WELL INSTALLATION _b/ 2y / il SANITARY SEAL ELEVATION

. UQUD LEVEL PPE
TECH. C.S/CO.NAME DT . '&26541/0 forrew ¥ (reex

NOTE: ALL MEASUREMENTS

ARE FROM GROUND
j SURFACE AT START
OF BORING — MEASUREMENTS
B — TO NEAREST 0.1 FOOT.
x:- : N "
RN o-192' /9%
NI @) 1) Tota! Drilied Depth/Hole Diamater 182-194°/
::: ::’ : 2) Casing/Screen Tally (Measured to Nearest 0.01 Foet)
RN @
23 ?:Z (@) Sump & Plug Length 283
:l: :«:r /
-—::: () Screen L-ngm S )
, e - -
::: (c) Cas:nn Joint Lenoths (Measured in
L SoqunaFmTopctScun) (l) jooo (2) /000

C?? {owo (‘/) 10O @) (o,e0 (6) /0,00 (‘l) {O'
(6) {000 (q)/o vo (1 /o.co (ll) /0,00 (IZ)/DI"':

G_llbw QW) o a2 (§5) to 00 06))0 oo (n)‘
lo.co (1) ¢ .S

/
(d) Deptno TopotScreen [ 71,5

3) DanthstaCormzhzors IO-‘ 50:5 900 13&,5~—
ne.e' 77,9/

. ;l .
4) Total Depth of insuatied Well____1 11 . 33"

5) Msuunﬁhmmku) ~ & ol s
- — ekt
T ’G)D-wm'roagu:a,.,pm E

- -—— . . .—]_~ -

- 7)~Depth to Tep of Fine Sand Seal : I‘é(/ &S . .

- 8}-'De§_§:na Top of Be’rﬁcnnc Seal - / éo.?s?»

8} Thickness of Grout _V&7i%S
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MONITORING WELL CONSTRUCTION DIAGRAM

ORILLING SUBCONTRACTOR _ £/ AN €S wewL Numeer /A HT - 9¢
DRILLER 4 ﬁ”‘\bfs' SRS COORDINATES
DATE OF WELL INSTALLATION Le } [2190 SANITARY SEAL ELEVATION

TecH. ossco.nve /Y. Dorerre o /sEC
o 54

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
@ SURFACE AT START

OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.

G
4

NN A NN NN NNN

NN NN

LR RS

@5 (5) 1 Towriled DepthvHole Diameter _M s l' /| 78

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)
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AN
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@

WA NN S AN
w
A4

l”
:‘ ~A (a) Sump & Plug Length g* : 8 8‘F }' :
I\I /\ B
CZ@ ::: ‘:: E C'D {b) Screen Length ,5- ‘ OZ-Ff' .
~ L N ¥
s 7 T
1A b,
i X (¢} Casing Joint Le ths Measured in Up- .
v ::: hole Sequence From Top of Screen) [/ O O 3, /9 %
L4

fo- b2, /202, 12001 7o 01 ) /750y
/0 - 0'3, /002 jo: 01 ([0 08 JO 22

;0. 00, 0:00 /ovol Jo 01.4
®

'S A
: ] P
HIE A0S

@; C‘b (@) Depthto Topof Screen____/ 3 3 - OO -Ff
3) Depths to Centralizers §.9,34. D/ 22:0,)/2%
== 2.0, y58 s O
&) Total Depth of Instalied Well___/& 6 - T2
i ‘ : 1 5) Casing Stick Up (Standard 2.5’ A.G.S.) 2's
§) Depth to Top of Filter Pack ] 5” (o

sD: O
7) Depth to Top of Fine Sand Seal /

8) Depth to Top of Bentonite Seal / l/ ? -0

9) Thickness of Grout / 9’ ?’




OSR 30-5
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SRP_MONITORING WELL CONSTRUCTION DETAILS

DRILLING SUBCONTRACTOR  (S2dvase WELL NUMBER__ /47~ 97D
DRILLER 7. //C&ne, SRP COORDINATES

(o
DATE OF INSTALLATION 2/23/ 10 SANITARY SEAL ELEVATION

TECH. O.S./CO. NAME_SvyRRiné ENVIRONMENTN L

/
”
1) Total drilled depth/hole diameter__ /% 4:'{//// %

@ _ 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

(a) Sump&Pug____ /+ Z5

()
&/

(b) Screen Length__ 2. 0 2
CS) (9) (c) Screen Type/Siot Size V€ SLITTED ,/ Q.0ie

“Ilo

AATATAIE AT IEILY
4

PN NN NN
’\\\\\\\\\\

Rk k Rk b &

’

(d) Casing Joint Lengths (Measured in up-

(™)
e/

v
’

"4 >:: <a> hole Sequence From Top of Scraen) [O0-02 /0.0/ ,
RIS @) (.00 _(o.02 (0.0 (0.0¢ 0.0/
@9 .:S: C‘D Lo.of [O. 03 /o o?_ (.02 ,LJ/O0.02 /0.02,

632 87 4 9&&&&.&:&_
(e) Total Length of Casing __/<LS . © o
() Type of Casing -Pl/é Lodn b Yo
3) Depthsto Contralizers_¥6~ /.0  Bl.o
/1240 N2

4) Total Depth of Instalied Well _/’ ‘/ %. ‘/

EENES
NS
VAl

H

5) Casing Stick Up (Standard 2.5' A.G.S.) 2.5

6) Depth to Top of Fiter Pack__ /2© . &

Quantity (Bags)  // Stze
Brand/Trade Name_éfé/ D eme— F¥SO
O 7) Depth to Top of Fine Sand Seal__//?. ©
Quantity (Sacks) /
NOTE: ALL MEASUREMENTS 8) Depth to Top of Bentonite Seal /R &
ARE FROM GROUND 2
SURFACE AT START Quantity (Buckets) :
OF BORING - MEASUREMENTS ' 112, ¢
TO NEAREST 0.1 FOOT. 9) Thickness of Grout___//Z Lo

Total Grout Quantity (Bags)__ =5 &
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MONITORING WEL! CONS TRUCTION DIAGRAM

CRILLING SUBCONTRACTOR =~ =

P - S

L

“.\ '

- WELL NUMBER
SRILER _ Toewe  \acaoaas SRS CCORDINATES
DATE OF WELL INSTALLATION s AR\ SANITARY SEAL ELEVATION

UQUDLEVE. PPE
TECH. O.S/CT.NAME —. _

v B e S Rae v =Lsos

NOTE:. ALL MEASURSMENTS
ARE FROM GROUND
SURFACE AT START

OF BORING = MEASUREMENTS
TO NEAREST 0.1 FOOT.

(@ Sump & Plug Length QI

2) Casing/Screen Tally (Measurec 1o Nearest 0.01 Foot)

L 3%
( S> 1) Tota! Drilied Dectn/Mois Diameter (< Ry / <Hs &
P

o) Screen Langrn S.oc’

o 6 v om (<)

(c)-cmmumlm-sundh Up-
hoie Sequsnce From Top of Screen) o

AT W RV

™~

Do e oo @ e os (s Ny

3) Deoths 1o Comraizers A, SO

a0 A3

4=y

T

4) Total Depth of instalied Well _i -8, %9

e e,

. _,‘,'_ - - [ - ..,.,;;Q rm e _ J
P Polansing Stialiin(Slandesd 2.5 AG.SY TS _
i e - e L

- —_—

6} Dagn.1o Top of Fiter Pack

_ T
o sl Dﬂp!htcTapnf‘FmaSandSﬁal jg;\»q.'i,:“
i mq;&mm‘u&a} e —
) % Thickness of Grout \L,-;-.C:*C»i

S\ 2o (2N o oo Q3N O o (13) \C o
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MONITORING WELL N TION DIAGRAM

DRILLING SUBCONTRACTOR _ €2/ < S wewnumeer A AT /0 &
DRILLER K. buckner SRS COORDINATES
DATE OF WELL INSTALLATION (ﬁ/ ya¥) [2° SANITARY SEAL ELEVATION

TEcH. o.s/co.NaME - Me/&&(c//jf &
o)

NOTE: ALL MEASUREMENTS

= ARE FROM GROUND
SURFACE AT START
OF BORING - MEASUREMENTS
TO NEAREST 0.1 FOOT.

MENENEY

~
A RS
J’\ AYA YA YA Y
NEMONENENEN
AL 4
AR

¥
@) <9> 1) Tota! Drilled Depth/Hole Diameter / (_ﬂ 5/ ; ) // / / % at

L4 LAL4
\\I\\
T ANN NN
PR RS
l\’\\\\\

i;' N 1 L G) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

X -

; S 8 7

........ : ,\ ?:: 4 Qaj qD (a) Sump & Plug Length R - B A

HIAY ~ N

Yo 4B > 7 /

NG 7 {b) Screen Length S

@9 : I:l ‘::/ i <>

::: ::: (c) Casx Joint Le ths Measured in Up-

el e hole equence From Top of Screen) . o-062 v /0-0¢
1 i’ 7 s —
g> %9 e it /0'02,/0~“‘3 (0:0, /(83 /u‘?

1. 02, [0 03 /o 61 lo: 33, /- bj
/o»oa /o D2, "o 63

(d) Depth to Top of Screen / 5 7' .00

3) Depths to Centralizers // 3 e 0 % 0 // 6’
{500, / Ceq.o -
4) Total Depth of instatied Well__ /& 7+ O _

5) Casing Stick Up (Standard 2.5' A.G.S.) 25

| -0

4

6) Depth to Top of Filter Pack

/
7) Depth to Top of Fine Sand Seal / ° 3 %

s
8) Depth to Top of Bentonite Seal / 6/7 * 3

9) Thickness of Grout /5/’?’
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Rev 1289 MONITORING WELL NSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR (2 raues WELL NUMBER % 14/7- = /0D
DRILLER /[ . buckner” SRS COORDINATES
DATE OF WELL INSTALLATION 1] / /9 / 7D SANITARY SEAL ELEVATION

TecH. 0s/co.NME . Desmeey b/ /SEC
J

NOTE: ALL MEASUREMENTS

——  ARE FROM GROUND
SURFACE AT START
OF BORING -~ MEASUREMENTS
TO NEAREST 0.1 FOOT.

’\ g
¢

/ ,e
T @) (g> 1) Total Drilled DeptivHole Diameter /S ) *© / i 778

o~ G) 2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

3
7’

TRy
PO A 4
A AR
’

A YA IAY
LS
L4

(@) Sump & PlugLengh [+ 37

.
LYY

()

[+ ]

./

AAVLTATAY
7,

o~ .08
@ A @ (b) Screen Length Zo
g P4
4 ,"
N {¢) Casing Joint Le s Measured in Up- .
LN, *’:: hole Sequence op of Screen) 2280

HE RS

M A

{o- D':/D OY}/OJD} /0 OZ— /0! OU
IO">3, (0:02 /o.w,/a«oa,/ouz

@9 C) {d) Depth to Top of Screen gq , 0O
4
3) Depths to Centralizers ? g/ ‘/8 0) Q 3 0) / 23»()
® | /49 .<

4) Total Depth of Installed Well /sb-42

z- 5

5) Casing Stick Up (Standard 2.5' A.G.S.)
l I 6) Depth to Top of Filter Pack ’ X ’ (p
7} Depth to Top of Fine Sand Seal } ; i : 3
/
8) Depth to Top of Bentonite Seal 7 3/1 ! b

9) Thickness of Grout 7 9‘4 6
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MONITORING WELL CONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR = MO

WELL NUMBER AT ~1y e

SRS COORDINATES 102,€5% yo I, 48,94, 072

SANITARY SEAL ELEVATION____2£4/25~
UQUD LEVEL PFE .
TECH. O.S/CO.NAME Tor(Recin - VBeiee + Gepe —t

NOTE: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE AT START

OF BORING ~ MEASUREMENTS
TO NEAREST 0.1 FOOT.

DRILLER 3~ s
wf

DATE OF WELL INSTALLATION S-S0

YO -
TR RN

L

®| | s

1) Total Drilled DeptivHole Diameter | (.0 »x S Ys &

LYEY

.

N

U NN
PN NN RN

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

A

@j qb (@) Sump & Plug Langth ___ 3.0
@ ) Screen Lengsh S.os

, e
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(4

AJAY

(c) ing Joint Le {Maasurad in Up- . 1 t
hole nce TopotScrsen) (A .3 (D, 00
@Qhoee' (Naec’ (D 1o e oo

Qia.on’ R 1o @\ AC 00 (1 L0, c0y”

AN sy ! ! !

< -~

1 ¢ LN

) (d) Depth to Top of Scraen 133.0
C

3) Depths 1 Corwraizers A, 31", Iy \wctom o

15,0 180

\
4) Total Depth of instalied Waell Li, N O
= ]
5) Casing Stick Up (Standard 2.5 AGS.) 7.5
‘ : I 6) Depthto Top of Fiter Pack L= (s (o |

i
7) Depth to Top of Fine Sand Seal LA

' t
8) Depth to Top of Banontte Seal 3.0

1
%) Thickness of Grout 19, O
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MONITORIN

DRILLING SUBCONTRACTOR £ M T C

DRILLER Iem/ "/omﬂnl
Y 7

DATE OF WELLINSTAU.ATION [CRIVEAL Y

o Qouo

TECH. o.s./co NAME Q_&ﬁe«» ¥ Gere Enmivi<ars

©

4

e, 7

'\\\\\\\

N DIAGRAM

welL numeer, MHT - 12.C

SRS COORDINATES 102,84%83n§ Y49 o6l wE

SANITARY SEAL ELEVATION___ 37p, /&
UQUDLBRPPE___ 370,34

NOTE: ALL MEASUREMENTS

ARE FROM GROUND
SURFACE AT START

OF BORING ~ MEASUREMENTS
TO NEAREST 0.1 FOOT.

1) Total Driled DeptrvHole Diameter_1coS5.cy o 3=y
2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

(@) Sump & Plug Length 2.8\

(b) Scncnurlgxh

 Cotrg e

O AQ.ca ) \&aes . s) 100y () 1a.00
AN eco G 000 ARt ca L) 10,00,
AN G000 Q) oo

(d) Depth 1o Top of Screen 13325

3) Depths to Centraizers _ .S’

%
A33.5.,
C4

223, X250 (st —
4 L4 7

1352.5¢

4) Total Depth of instalied Waell L\
5) Casing Stick Up (Standard 25 AG.S) .= '
6) Depthto Top of Filter Pack - yaq. 3’
i
7) Depth to Top of Fine Sand Saal L |
1)
8) Depth to Top of Bemonite Seal 18413

8 Thickness of Grout

a1l
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MONITORING WEL! CONSTRUCTION DIAGRAM

DRILLING SUBSONTRACTOR £ M TC welLnumBer . MHT-13 D

DRILER Terry Herwshy

SRS CCORDINATES

DATE OF WELL INSTAULATION __ b [27(5 |

SANITARY SZAL ELEVATION

U
TECH. O.S/CO.NAME TiT. Bosse [0'Brem ZGere QUD LEVEL PPE

NOTE: ALL MEASURSMENTS

ARE FROM GROUND
SURFACE AT START
OF BORING — MEASUREMENTS
ﬁ TO NEAREST 0.1 FOOT,

i
@) 1) Total Drilled DepthHoie Diameter (&2 ’ / 97/ k]

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

4
(a) Sump & Piug Lengn EQI¢7

(5) Screen Length 2o

© s.‘:u."?‘..‘;‘?,.‘f’.:‘.ms'i::.‘n, Ci) 0.29 (2) (0.00

(P oo &) jo0o (5) ip,0o (¢) to.co
(7) towws G) (oo L — (=) (O\-°°
Go) lo.oo Q) 1.0 CP‘L} /2 o Cn)(a,»
QY) 12.00 () o0

/
{¢) Deptn o Top of Scraen /3‘:.?

‘ / /
3) Destns to Cantraiizers 154 3/ 5-5.‘$/ 7§'3;
133" 1s7.9/

- . / —
4) Total Depth of instatied Well /.S 7 « 2 1
mgSt:ka(Sﬂman:lS’A.G.S.) ‘3" ? ’ A '

M

-ﬁmmmmaﬁmﬁﬁ"" fﬁ* il =
3 -l *-?4-.“:2‘-.,‘."»'_’___.&%&.\ - }_._ _--'_ ‘_:..: -
7) Desth 1o Tep of Fine Sard™Ssal n(% s

/.

126, 0w

B-Dagtn 1o Top of Bemanng Seal :

% Thickness of Grouwt_\/&71 €S
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MONITORING WELL SONSTRUCTION DIAGRAM

DRILLING SUBCONTRACTOR £~ M TC

DRILLER /l:u\n/ H,o/usbi/

wenumeer | MHT - /Y D

SRS COORDINATES

SANITARY SEAL ELEVATION
' UQUDLEVE. PPE
TECH. 0.S/CO. NAME m;?hq / phac & (e
i

DATE OF WELL INSTALLATION ____ l 2 !ﬁ ‘

NOTZ: ALL MEASUREMENTS
ARE FROM GROUND
SURFACE- AT START

OF BORING ~ MEASUREMENTS
- TO NEAREST 0.1 FOOT.

(s) " ot Driled Dectntiole Diamewar | 3.0’ nx @ Mooy,

2) Casing/Screen Tally (Measured to Nearest 0.01 Foot)

= ® (
o) (a) Sump & Plug Length __2 . %
t:‘: ] () Screen Lnng:h 2o ont
bt el —_—— T -
- o (¢} Casing Joint Langths (Mesursd in Up-
. o hole Seaus

nce From Tep of Scraen) («} A S\ .o
Moo W\ oo (5) ACooe (0 0.~ (g ey

R ner (“J.\ (o TR (\o\ L= S m\ '\M
(e¥ale! (;3\ (=AY (N‘\ LSOy (1A D

‘b—

(d) Denthto Topof Screen v 23—

3) Deotns 1o Cammaizers 1S3, 1BG S QG A= —

.§fa.-:3; \uC‘

— r -
A .. . PE— - ]
- — s .

4) Total Doath cf lnmnod w.u

-y - i -

1(,,0 -o(

ﬂs—;;s‘h_-'w-;"’" Zar

"7 DERTG Too o Fine Sand Seal L3002
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MONITORING WEL! LONSTRUCTION DIAGRAM

DRILLING SUBCONTRAZTOR & rayes WELL NUMBER MM 7~/ S

brRILER - WS, T con ’ SRS COORDINATES O 2 520,458 4994, 375
[4 V4 7
DATE OF WELL INSTALLATION f%‘// 7 / 72 SANITARY SEAL ELEVATION

TECH. D.S/CO.NAME S ﬁlfgéﬂ% (,vfc,'gona_;we_ e

NOT=:  ALL MEASURSMENTS
— ARZ FROM GROUND
o] _| Sy
ING = MEASUREMENTS
— TO WEAREST 0.1 FCOT.

’
\
\

LN N4
LIS YA WAL Y

7/

’

4
LN NNNRANRRR

A AN N LYY

@ @D 1) Tota! Drilied Desth/Hole Diameter 2 D5.0 fe. ///7/3
/7

@ | 2) Casingrs_t:rnn Tally (Measured to Nearest 0.01 Fooy)

<
S
I‘I\V"l

(@) Sump & Plug lengn _Y3. L4 L {P/ag? 0. W,;)

() Screen Length__ - 2 4 £

Y
‘s 4

A.‘.’Al
LA A}
ROASAANNN
CYENLY

p)

XN

©)

(c)'CasirnJoianthcmmthp- e -
hnioSaqucnaFmTapctSm) B’e/ou)&creen,'

W 228 20.25 2025, Ahoe Screey.

®
111ERRA

| | 87, vol, 2025, /9.75 975
l [7.75, 12,75, /8 75 2001, 10:02
/’ 75. )

) Demr;TopafSann 153,76 ¢

3) Depts 1o Camraizers __ /.5/. £ /152,33, /95 38 —— -

4) Total Depth of inszailed Well 201, 2 ..

5) Casing Stiek Up (Sancard 25 AGS) 2+ 5 A

6) Depthto Topof FirerPack -/~ 9, 9 £,

Below Screen
Filter fack: 149.9 w0 157.2-
Bentonjte sexl : 159.2 o 1431 8) Decn 1 Teo of Bernonne Seal__| 7 & | £

Fx-80 Sand : 130 40 2.95,0
. %} Thickness of Grou: “7'6'/#

7) Deoth1o Tep of Fine Sand Seal__Ag L he .@A

Tomography Propes

Irstalied on putside ob well ca's/'g zt 13.37 Jntervals Starti.
At 1OV, o dine at 0.5 welow sroamd Cosindo o




OSR 30-5

e L2 MONTTORING WEL!L CONSTRUCTION DIAGRAM
DRILLING SUBCONTRACTOR _frray 2.5 : WELLNUMBER MM 7T — J 4
DRILER _[D. Cunag’%zég ya SRS COORDINATES | 02,4130, 85, 4%, £72. 8/
DATE OF WELL INSTALLATION __ D35 /Lﬁ_// 72 SANITARY SEAL E'EVATION i
. SEC uQuUD
TECH. OSCONME S, < o 1) s 2 Donghzee LEVELFFE
‘#f 7

NOTE: ALL MEASUREMENTS

ARE FROM GROUND
SURFACE AT START

OF BORING ~ MEASUREMENTS
TO NEAREST 0.1 FCOT.

LYY
VAN
(Y

L4

A
MARRARN]

I 24
1) Tota! Drilied Depth/Hole Diamater 2./ 0. O / )2

NV

PN NN S

’\

2) Casing/Screen Tally (Measured 1o Nearest 0.01 Foot) ,
? (Gctwﬁ’l {°F 7 sectn
>

(@) sma;.?mg Lengn Y- 87 Aol sereen (pug)

\

\

[N N4

v

TS

@ ﬁ”&&?&%*ﬁ&ﬁf’ _Below screen:
O:te (Phag), 19.77', )g95" 5.g7"
Above scpren: 4o.03° 1874
1225, 2oz, /7,75, 1229,

oy, zoey' 6.77°,

C

(d) Depth o Top of Screen /517’.. D '

’

3) Desw Comraizors _82.7 | )52, .40
}60'3I ~ 202_'2,,

]
4) Total Depth of instalied Well___ 2 03. 7

i ( 5) Casing Stick Up (Standard 25 AGS)__ 2.5

/7
6) Depthto Topof FiterPack ) H 9., 2

Below Screen ,
Filter pPack: 1492 fto 162.8 7) Depth o Top of Fine Sand Seal____J 47, 4~
Bentonite Seal!:  [62.8 o /47.)
x50 sand . 1467.7 o zlo.p

8) Depth 1o Top of Bernonite Seal / 3 7'h L/

: . A es ¢ _ ,
Depths to Tep pf Tomegraphy Prob %) Thickness of Growt 137.0

“Depths in Paremthgsies ame WEre measupe ot When insealled on cesing,
Al other depths pre calcdated Prom meosured Jntprnli beswben coble
splic<s)) (200.0), 18¢.7, 175.4, 16p.1 (159.8), 14q.

8 133.5, /20-2, )ob. 9, 93¢,
0.2, (7.0, 52,7, NBY, 17, 2.8 o w { o )
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MONITORING WE! ! SONSTRUSTION DIAGRAM

DRILLING SUBCONTRACTDR 46- rogveJ

WELLNUMBER M 7T~ /7C

DRALLER _Yhave [ wnn) gg ha m SRS CCORDINATES {05 394, 5244 Y8706, %

DATE OF WELL INSTALLATION __Q,L-?,/ 72 SANITARY SEAL ELEVATION
. JSEc LUDLEE
TECH. D.SJ/CO. NAME 5522 é?‘“@ ﬁéz:mhwe P
_ NOTE:  ALL MEASUREMENTS

ARE FROM GROUND
SURFACE KT START
ING ~ MEASUREMENTS
— TO NEAREST 0.1 FOOT,

4
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l“\‘ ‘\1 P}

[

CsD 1) Total Drilied DerthHole Diamaier Z/D,o'/ 12"

NN
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A LAY

4

2) Casinglscrun Tally (Measured t Neares: 0.01 Foot)
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\
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O e o s Massursc n Up- Below Screen -
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AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR X%SD %MD MX MD R XCG %CS %CM %CMT %CAR NAME SO %POR TYPE XMUS XGLA X%LIG %SUL H FOSSILS
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MHT 002 C 15 6 1 MYEOR 1 9 10 GR M 3 0 sD P G BP A 0 0 0 R
MHT 002 ¢ 116 0

MHT 002 C 117 8 1 MYEBR 1 8 10 GR M 3 0 sD M G BP .4 0 0 0 R
MHT 002 C 18 0

MHY 002 C 119 1 MYEBR 2 93 5 GR C 3 0 sD M G BP A 0 0 0 R
MHT 002 C 120 3 1 MYEBR 2 93 S GR C 3 0 sD M G 8P oA 0 0 0 R
MHT 002 C 121 1 LGYOR 5 87 8 GR C 2 0 sD P G BP .1 0 ] 0 R
MHT 002 C 122 5 1 LGYOR 5 87 8 GR C 2 0 sp P G B8P . 0 0 0 R
MHT 002 ¢ 123 1 MYEBR 10 8 10 tp € 2 0 SD P 6 8P A 0 0 0 R
MHT 002 € 124 1 MYEBR 5 8 10 P Cc 3 0 SO P G 8p .1 0 0 0 R
MHT 002 C 125 1 DYEOR 5 8 10 P € 3 0 sD P 6 B8P . 0 0 0 R
MHT 002 C 126 0

MHT 002 C 127 1 MYEBR 4 81 15 P C 4 0 ] P G 8p A 0 0 0 R
MAT 002 C 128 6 1 MYEBR 3 87 10 LP C 4 0 SD P G BP .1 0 0 0 R
MHT 002 C 129 1 MYEBR 3 82 15 P C 4 0 sSD P G 8P .1 0 0 0 R
MHT 002 C 130 9 1 MYEBR 2 83 15 w c 3 0 SD P G :14 .1 0 0 0 R
MHT 002 C 131 6 1 MYEBR 1 92 7 tp C 3 0 sD P G BP .1 0 0 0 R
MHT 002 C 132 0

MHT 002 C 133 1 LYEBR 1 93 6 GR 3 Q S0 P G 8P .1 0 0 0

MHT 002 C 134 1 DYEOR 1 89 10 GR M 3 0 SD P G BP .1 0 0 1] c
MHT 002 C 135 g
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MHT 002 C 138 1 LBR 4097 03 GR M & 0 SD M G BP . 0 0 0 c
MHT 002 C 139 1 DYEOR 1 9% 5 GR M 4 0 ) M G BP .4 0 0 0 R
MHT 002 C 140 1 DYEOR 1 9% S GR M 4 0 L)) M G BP A 0 0 0 R
MHT 002 C 141 1 DYEOR 3 9% 7 P M 4 0 sD M G B8P . 0 0 0 C
MHT 002 C 142 1 DYEOR 3 9 6 LP M & \} ) M G BP . 0 0 0 o
MHT 002 ¢ 143 0

MHT 002 C 144 0

MHT 002 ¢ 145 1 LYEOR 2 9% 8 GR M 3 0 SD M G BP A 0 0 0 c
MHT 002 ¢ 146 6 1 LYEOR 2 88 10 GR M 3 0 sD M G BP .1 0 0 0 C
MHT 002 ¢ 147 0

MHT 002 C 148 0

MHT 002 ¢ 149 0

MHT 002 ¢ 150 1 DYEOR 5 8 10 GR M 3 0 sD M 6 BP .1 0 0 0 c
MHT 002 ¢ 151 1 DYEOR 1 8 10 GR M 3 0 sD M G BP .1 0 0 0 A
MHT 002 C 152 1 DYEOR o2 88 10 GR M 3 0 SD M G 8p A 0 0 0 A
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AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR %SD %MD MX MD R %CG %CS ¥%CM %CMT %CAR NAME SO %POR TYPE XMUS XGLA %LIG XSUL H FOSSILS
MHT 3 c 39 3 MPITA BLYE 7 86 7 GR C 3 0 sD M G 8P 1 0 0 0 R
MHT 3 c 40 3 VARYE MTMRE 7 8 7 GR C 3 0 SD M M 8P 1 0 0 0 R
MHT 3 c 41 2 MOR BMPU 2 88 10 G6GR C 3 0 SD M G BP 1 0 0 0 R
MHT 3 c 42 3 MPUTA BMOR 0 15 8 M cL 0 cL 4 MI 1 0 0 0 R
MHT 3 c 43 3 MPU 0 5 95 CL 0 CL P L 2 0 1 0 R
MHT 3 c 44 3 MPUTA 0 45 55 € CL 0 SDCL P BP 2 0 0 0 R
MHT 3 c 45 3 MYETA 0 50 50 P CL 0 CLSD P P M1 1 0 0 0 R
MHT 3 c 46 0

MHT 3 c 47 5 3 MTA BMYE 1 50 49 GR CL 0 CLSD P P BP 0 0 0 0 R
MHT 3 c 48 2 LPITA BMYE 7 63 30 P CL 0 CLSD PP BP 2 0 0 0 R
MHY 3 c 49 2 MYE BMTA 7 73 20 P M 3 0 SD M M BP 2 0 0 0 R
MHT 3 c 50 2 MYETA BLPI 7 83 10 GR M 2 0 sD M G 8P 2 0 0 0 R
MHT 3 C 51 2 LPITA BMYE 3 87 10 GR C 3 0 SD M M BP 1 0 0 0 R
MHT 3 c 52 2 LPITA BMYE 2 0 G6R C 3 0 SD M G 8P 1 0 0 0 R
MHT 3 c 53 2 LTA BMYE 7 73 20 GR M 3 0 SD P M 14 0 0 0 0 R
MHT 3 c 54 2 LPUTA BMYETA 1 15 GR C 3 0 SO M G BP 1 0 0 0 R
MHT 3 c 55 2 LTABR 1 15 GR C 3 0 SD M G BP 1 0 0 0 R
MRT 3 c 56 5 2 LPUTA 7 78 15 G6R M 3 0 SD P M BP 1 0 0 0 R
MHT 3 c 57 7 2 LBRTA 7 83 10 GR M 3 0 sD M M BP 1 0 0 0 R
MHT 3 c 58 2 DPU 0 7% 25 v F 2 0 SD P P BP 1 0 0 0 R
MHT 3 c 5¢ 2 VAROR 5 83 12 GR M 2 0 SD M M BP 1 0 0 0 R
MHT 3 c 60 2 VARGN 0 90 10 VvVC M 2 0 SD M G 8P 1 0 0 0 R
MHT 3 c 61 2 VARYE BMPU 0 93 7 vC M 2 0 sD M G BP 2 0 0 0 R
MHT 3 c 62 2 VARPU BMGN 0 90 10 vc F 2 0 SD M G BP 2 0 0 0 c
MHT 3 c 63 2 MBR BMPU 0 45 55 vC cL 0 sbCL P BP 1 0 0 0 R
MHT 3 c 64 2 MPU Y 50 50 VvC CL 0 CLsD P P BP i 0 0 0 c
MHT 3 c 65 2 MBR 2 73 25 GR CL: 0 CLSD P P BP 1 0 0 0 c
MHT 3 c 66 2 MPU 2 88 10 GR M 2 0 SD M G BP 1 0 0 0 c
MHT 3 C 67 2 MOR BMBR 0 60 40 VvC CL 0 CLsD P P BP 1 0 0 0 R
MHT 3 c 68 2 MGN BMPU 0 40 60 C CL 0 SOCL P 8P 2 0 0 0 R
MHT 3 c 69 2 MPU BMOR 0 60 40 GR CL 0 CLSD P P 8P 2 0 0 0 c
MHT 3 c 70 2 MOR BLYE 3 %0 7 GR M 3 0 SD M G 8P 1 0 0 0 R
MHT 3 c I4 2 DBR BLOR 1 8 15 GR M 2 0 SD M G BP 1 0 0 0 R
MHT 3 c 72 2 LYETA BLOR 0 93 7 ve ¢ 3 0 SD M G BP .5 0 0 0 R
MHT 3 c 3 8 2 MBRTA 2 88 10 GR M 3 0 sD M G BP 1 0 0 0 R
MHT 3 C 74 8 2 MYETA 5 88 7 GR C 3 0 sD M G BP .5 0 0 0 R
MHT 3 c 75 2 MPITA 5 80 15 GR C 2 0 SO M G BP .1 0 0 0 R
MHT 3 c 76 2 MYETA 3 87 10 GR C 2 0 sD M 6 BP 0 0 0 R
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AREA NO  SCR DEPTH REC IND COLOR STRUCTURE %GR ¥SD %MD MX MD R %CG %CS %CM XCMT %CAR NAME SO %POR TYPE XMUS XGLA %LIG XSUL H FOSSILS
MHT 3 C 7 2 MYETA BMPITA 3 77 20 GR C 2 0 SO M G BP 1 0 0 0 R
MHY 3 C 78 2 MYETA 7 7 15 G6R C 3 0 SD M G BP 1 0 0 0 R
MHT 3 c 79 2 MYETA BMPITA 5 83 12 GR M 3 0 sD M G BP 1 0 0 0 R
MHT 3 C 80 2 MYEYA BLYE 7 83 10 GR C 3 0 SD M M BP 1 0 0 0 c
MHT 3 C 81 2 MTA 1 8 15 G6R M 3 0 SD M M BP 1 0 0 0 R
MHT 3 C 82 2 MYETA 10 8 10 GR M 2 0 sb M M BP 1 0 0 0 R
MHT 3 c 83 2 MTA 0 8 10 G C 3 0 SD M M 8P .9 0 0 0 c
MHT 3 C 84 2 LYETA 7 83 10 GR M 3 0 SD M M 8P 1 0 0 0 R
MHT 3 c 85 7 2 MTA 3 8 15 &GR M 3 0 SO M M 8P 1 0 0 0 R
MHT 3 c 86 2 MYETA 5 8 10 GR M 3 0 SD M G BP 1 0 0 0 c
MHT 3 c 87 2 LTA 5 70 15 GR C 3 0 SD M M 8P 1 0 0 0 c
MHT 3 c 88 2 LTAYE 10 8 10 GR C¢ 3 0 SD M M BP 1 0 0 0 c
MHT 3 c 89 2 LTAYE BLPITA 0 70 20 L C 3 0 SD M M BP 1 0 0 0 C
MHT 3 C 90 3 LPITA 0 45 55 v ¢ 2 0 SOCL P P BP 1 0 0 0 c
MHT 3 c 1 3 MYETA BLPITA 0 20 80 vC CL o cL P MI 0 0 0 0 C
MHT 3 c 92 3 LPITA 5 75 20 P cCL 0 SD P G BP 0 0 0 0 c
MHT 3 c 93 2 LPITA 5 65 30 P M 3 0 CLSD I BP 0 0 0 0 c
MHT 3 C 94 2 MYETA 3 82 15 GR F 2 0 Sb M [ BP .1 0 0 0 c
MHT 3 c 95 2 MPITA 10 70 20 P M 2 0 sD M G BP 1 0 0 0 c
MHT 3 [ 96 2 MPITA 1 92 7 GR F 2 0 sD M G BP 1 0 0 0 C
MHT 3 C 97 2 MYETA 7 68 25 GR M 3 0 CLSD P M BP 1 0 0 0 c
MHT 3 C 98 2 VARRE 15 65 20 GR M 2 0 SO P M 8P 2 0 0 0 A
MHT 3 C 99 2 BYETA BMPITA ] 45 55 veC CL 0 SDCL P BP .1 0 0 0 o
MHT 3 o 100 2 VARRE 2 9 3 GR M 2 0 SD W E BP .5 0 0 0 R
MHT 3 C 101 2 LPITA 3 82 15 GR M 3 0 SD M G BP 2 0 0 0 A
MHT 3 c 102 3 MYETA BBK 1 45 54 GR CL 0 SDCL [ BP 3 0 0 0 C
MHT 3 c 103 3 MYETA 0 35 65 vC CL 0 SOCL P BP 2 0 0 0 R
MHT 3 c 104 3 MYETA 0 40 60 vC cCL 0 SDCL P BP 1 0 0 0 R
MHT 3 c 105 3 DOPITA 1 4 55 VvC CL 0 SDCL M BP 3 0 0 0 c
MHT 3 C 106 3 DYETA 0 10 9 ¢ c 0 cL P M1 1 0 0 0 R
MHT 3 C 107 3 LPITA 0 40 60 vc CL 0 SDCL P Ml 1 0 0 0 R
MHT 3 C 108 3 LPITA BDYETA 5 25 70 LP CL 0 SDCL P M1 1 0 0 0 c
MHT 3 c 109 3 LYETA ICL 5 20 75 GR CL 0 CL P M1 .1 0 0 0 R
MHT 3 C 110 2 MYETA 0 20 80 C CL 0 cL 4 MI 3 0 0 0 R
MHT 3 c m 3 MYETA BLPITA 0 15 8 ¢ ¢cL 0 CL P MI 1 0 0 0 R
MHT 3 c 112 2 MYETA 0 10 9 € «cL 0 CL P MI .5 0 0 0 R
MHT 3 c 113 3 LYETA BLPITA 0 40 60 vc cCL 0 CL P MI 1 0 0 0 A
MHT 3 8 14 8 2 LYETA 0 80 20 VC M 0 sD M E BP 1 0 0 0 A
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AREA NO SCR DEPTH REC IND COLOR STRUCTURE XGR X%SD %MD MX MD R %CG %CS XCM %CMT %CAR NAME SO %POR TYPE X%MUS %GLA XLIG XSUL H FOSSILS
MHY 004 C 39 2 MGYPU 0 5 95 VF CL 2 0 cL v ¢ MI A 0 0 0 R
MHT 004 C 40 2 MGYPU 0 30 70 VF cCL 2 0 SDCL v P M1 A 0 0 0 R
MHT 004 C “ 2 DREPU VARLGY 0 30 70 M CL 2 0 SOCL v P MI .1 0 0 0 c
MHT 004 C 42 2 DREPU VARLGY 0 30 70 M cL 2 0 SDCL v P MI .1 0 0 0 c
MHT 004 C 43 2 DGYPU VARLGY 0 30 70 M cL 2 0 SDCL v P M1 .1 0 0 0 c
MHT 004 C 44 2 DGYPU 0 30 70 M CL 2 0 SDCL v P MI A 0 0 0 c
MHT 004 C 45 2 DREPU 0 20 80 M cCL 2 0 CL v P Ml A 0 0 0 c )
MHT 004 C 46 2 LGY VARMREBR 0 20 8 M cCL 3 0 CL v P M1 .1 0 0 0 c
MHT 004 C 47 2 DGYPU VARLGYRT O 20 80 M cCL 3 0 CL v P MI .1 0 0 0 C
MHT 004 C 48 2 DGYPU [IRESDRT 1 35 65 G6R M 3 0 SDCL v p MI A 0 0 0 c
MHT 004 C 49 2 LYEOR .1 70 30 GR M 3 0 CLSD M G BP A 0 0 0 c
MHT 004 C 50 1 LREBR 3 87 10 GR M 3 0 SD M G BP .1 0 0 0 c
MRT 004 C 51 1 LREBR ILBRSDCL 1 56 45 GR M 3 0 CLSD P P BP | 0 0 0 c
MHT 004 C 52 1 LREBR 1 69 30 GR M 3 0 CLSD P P BP . 0 0 0 c
MHT 004 C 53 1 LYEOR VARWH 3 87 10 GG C 3 0 SO M M 8P .1 0 0 0 c
MHT 004 C 54 1 LYEOR VARWH 3 87 10 G6R € 3 0 S M M BP .1 0 0 0 c
MHT 004 C 55 1 LYEOR VARWH 3 82 15 G6GR M 3 0 SD M M BP A 0 0 0 c
MHT 004 C 56 1 LYEOR VARWH 1 89 10 GR M 3 0 sD M M 8P A 0 0 0 c
MHT 004 C 57 1 LYEOR 2 10 uw M 3 0 sD M M BP A 0 0 0 c
MHT 006 C 58 9 1 LYEOR 2 8 10 P M 3 0 sD M M BP -1 0 0 0 c
MHT 004 C 59 2 LYEOR VARLGY 2 30 u F 3 0 CLSD P M BP A 0 0 0 c
MHT 004 C 60 5 1 LYEOR VARLGY 2 30 w F 3 0 CLSD P M BP A 0 0 0 c
MHT 004 C 61 2 LYEOR VARLGYPU 1 % 25 ve fF 3 0 CLsd P M BP .1 0 0 0 c
MHT 004 C 62 2 LGYPU VAELYEOR 1 79 20 W F 3 0 sD P M BP .1 0 0 0 C
MHT 004 C 63 2 LGYPU 0 80 20 vc f 3 0 sD P M BP N 0 0 0 c
MHT 0046 C 64 2 LGYPU 0 80 20 vc F 3 0 SO P M BP A 0 0 0 c
MHT 004 C 65 2 LGYPU VARMREBR O 80 20 vCc F 3 0 SD P M BP A 0 0 0 c
MHT 004 C 66 6 2 LGYPU VARMREBR 0 80 20 vc fF 3 0 sD P M BP A 0 0 0 c
MHT 004 C 67 2 MREBR 0 80 20 vc F 3 0 SD P M BP .1 0 0 0 c
MHT 004 C 68 2 MGYPU ¢ 8 15 vc F 3 0 sD M M 8P A 0 0 0 c
MHT 004 C 69 2 LGYPU BLREBR 0 75 25 ve F 3 0 CLSD P M BP .1 0 0 0 c
MHT 004 C 70 2 LGYPU 0 80 20 vc F 3 0 S0 P H BP A 0 0 0 c
MHT 004 C n 2 LGYPU .1 8 15 GR F 2 0 SD M 6 BP .1 0 0 0 c
MHT 0046 C 72 2 LGYPU BLREBR .1 8 15 G F 2 0 SD M G BP A 0 0 0 c
MHT 004 C 73 2 MREBR . 85 15 G6R F 2 0 SD M G BP . 0 0 0 c
MHT 004 C 74 2 MBR . B 25 GR M 3 0 CLsb P M BP A 0 0 0 c
MHT 004 C 75 1 LBR .1 80 20 GR M 3 0 sD P M BP .1 0 0 0 c
MHT 004 C 76 6 1 LBRRE . 9 4 LPp M 3 0 SD W E 8P 1 0 0 0 c




AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR XSD %MD MX MD R XCG X%CS XCM %CMT ¥%CAR NAME SO XPOR TYPE XMUS XGLA XLIG #%suL H FOSSILS

MHT 004 C 77 1 LYEOR VARLREBR .1 96 & GR M 3 0 SD W E BP -1 0 0 0 c
MHT 004 C 78 8 1 LYEOR VARLREBR .1 97 3 GR M 4 0 sb W E BP .1 0 0 0 c
MHT 004 C 79 1 LREBR 19 5 GR M 4 0 SD W E 8P A 0 0 0 c
MHT 004 C 80 9 1 LBR 1 9% 5 GR M & 0 SO W E BP .1 0 0 0 c
MHT 004 C 81 1 LBR A0 9% 6 GR M 3 0 SD W E BP A 0 0 0 c
MHT 004 C 82 9 1 LYEOR 1 97 3 GR M 3 0 Sb W E BP | 0 0 0 c
MHT 004 C 83 1 LYEOR 1 9 3 GR M 3 0 sb W E BP 1 0 0 0 c
MHT 004 C 84 1 LYEOR 1 9 3 GR M 4 0 SD W E BP .1 0 0 0 c
MHT 004 C 85 0

MHT 004 C 86 0

MHT 004 C 87 6 1 LYEOR .1 98 2 GR M 4 0 sD W E BP . 0 0 0 c
MHT 004 C 88 1 LYEOR 2 96 2 GR C & 0 SD M E BP . 0 0 0 c
MHT 004 C 89 1 LYEOR 3 95 2 GR C 4 0 sb M E BP A 0 0 0 c
MHT 004 C 90 1 LYEOR 2 95 3 GR C 4 0 sD M E BP A 0 0 0 c
MHT 004 C 91 0

MHT 004 C 92 0

MHT 004 C 93 1 LYEOR 2 9% 2 GR € 4 0 S0 M E 8P A 0 0 0 c
MHT 004 C 9% 6 1 LYEOR 2 9% 2 GR C 4 0 S0 M E BP .1 0 0 0 c
MHT 004 C 95 2 DYEOR 3 82 15 P N 4 0 SD M G BP .1 0 0 0 c
MHT 004 C 96 6 2 LYEOR 0 5 95 € ct 2 0 CL v P M1 .1 0 0 0 R
MHT 004 C 97 0

MHT 004 C 98 0

MHT 004 C 99 2 LYEOR 4095 5 GR M & 0 SD M G BP .1 0 0 0 c
MHT 004 C 100 1 LYEOR 197 03 GR M 4 0 SD M G BP A 0 0 0 c
MHT 004 C 101 1 LBR 1 9% 5 GR M 3 0 sb M G BP | 0 0 0 c
MHT 004 C 102 1 L8R 1 9% 5 GR M 3 0 SO M G BP .1 0 0 ) c
MHT 004 C 103 1 LREBR 195 5 GR M 3 0 SD M G BP A 0 0 0 c
MHT 004 C 104 5 1 LREBR 195 5 GR M 3 0 sD M G BP 1 0 0 0 c
MHT 004 C 105 1 LREBR 19 5 GR M 3 0 S M G BP .1 ] 0 0 c
MHT 004 C 106 1 LBR 0 85 15 wve M 3 0 SD M G 8P . 0 0 0 c
MHT 004 C 107 2 LREBR 0 15 8 vC cL 3 0 CL v ¢ BP A 0 0 0 A
MHT 004 C 108 1 DREBR [ILGNGYCL O 45 55 VC VF 2 0 SDCL v P M1 A 0 0 0 R
MHT 004 C 109 1 LBR 0 60 40 VC VF 2 0 CLSD v P BP .1 0 0 0 R
MHT 004 C 110 0

MHT 004 C m 2 LGNGY ISD 0 25 75 vCc CL 2 0 SDCL v p Ml 1 0 0 0 c
MHT 004 C 112 2 LGNGY 0 2 98 M CL 2 0 cL v P MI 0 0 0 0 R
MHT 004 C 13 2 LGNGY o 2 98 M CL 2 0 CL v P MI 0 0 0 0 R
MHT 004 C 114 2 LGNGY 1ISD 0 30 70 vc cL 2 0 SDCL v ¢p M1 . 0 0 0 A
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AREA NO  SCR DEPTH REC IND COLOR STRUCTURE XGR %SD %MD MX MD R XCG X%CS %CM XCMT %CAR NAME SO XPOR TYPE X%MUS XGLA XLIG XSuL H FOSSILS

T.D.




AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR XSD “MD MX MD R XCG ¥%CS %CM %CMT %CAR NAME SO %POR TYPE XMUS %GLA XLIG XSUL H FOSSILS

MHT 006 € 1 1 MREBR 0 95 5 VC M 4 0 sD M G BP0 0 A4 0 R
MHT 006 C 2 7 1 LBR 0 9 5 VO M 4 0 SD M G 8P 0 0 A 0 R
MHT 006 C 3 8 1 MREBR 0 95 S5 VC M & 0 sD M G BP0 0 1 0 R
MHT 006 € 4 1 MREBR 0 95 5 VC M 4 0 ) M G 8P 0 ] 0 0 R
MHT 006 C 5 1 MREBR 0 9 10 Ve M 4 0 sb M G BP 0 0 (] 0 c
MHT 006 C 6 2 MRE 0 9 10 VC M 4 0 ) M G BP0 0 0 0 c
MHT 006 C 7 2 MRE 0 9 10 Ve M 4 0 sD M G 8P 0 0 (] 0 c
MHT 006 € 8 2 MRE 0 9 10 VC M 4 0 SD M G BP O 0 0 0 R
MHT 006 C 9 2 MRE 0 8 15 VC M 3 (i} sD P M B8P 0 (] (i} 0 c
MHT 006 C 10 2 MRE 0 8 15 vVC M 3 0 sD P M BP O 0 0 (] R
MHT 006 C " 2 MRE 0 8 15 VO M 3 0 sD P M 8P 0 0 0 0 R
MHT 006 C 12 2 MRE  MTLBR 0 8 15 VO M 3 0 D P M 8 0 0 0 0 R
MHT 006 C 13 2 MRE 0 80 20 VvC M 3 0 SD P M BP0 0 0 0 R
MHT 006 € 1% 2 MRE 0 8 20 VC M 3 0 D P M BP 0 0 0 0 R
MHT 006 C 15 2 MRE 0 8 20 VC M 3 (] SD P M BP O (1 0 0 R
MHT 006 C 16 2 MREBR MTLBR 0 75 25 VC F 3 0 CLSD P M BP O 0 (] 0 R
MHT 006 C 17 2 MRE 0 70 30 vc F 3 0 cLSD P P B8P 0 0 0 0 R
MHT 006 C 18 8 2 MRE 0 70 30 VvC F 3 0 CLSD P P BP0 0 0 (] R
MHT 006 C 19 2 MRE 0 60 40 VC F 3 0 CLSD P P 8P O 0 (1 0 R
MHT 006 C 20 2 MRE 1 60 40 GR F 3 0 CLSD P P BP0 0 0 0 R
MHT 006 C 21 2 MRE A 45 65 GR CL 3 0 spCL v P M1 A 0 0 0 R
MHT 006 C 22 2 MRE 4 40 60 GR CL 3 0 SDCL vV P ML .10 0 0 R
MHT 006 C 23 2 MREBR 1 45 55 GR CL 3 0 SDCL v P M .10 0 0 R
MHT 006 C 2 2 MREBR 1 40 60 GR CL 3 0 SDCL vV P ML .10 0 0 R
MHT 006 C 25 2 MREBR 1 40 60 GR CL 3 0 SDCL vV P M .10 0 0 R
MHT 006 C 26 S 2 MREBR 5 40 S5 P CL 3 0 SDCL vV P ML .10 0 0 R
MHT 006 C 27 2 LREBR S 60 35 P M 3 0 CLSD vV P BP .1 O 0 0 c
MHT 006 C 28 6 2 LREBR 1 75 25 GR M 3 0 cLSD P M B8P .1 0 0 0 c
MHT 006 © 29 2 DYEOR MTMRE A 75 35 GR M3 0 CcLSD P M BP .1 0 0 0 c
MHT 006 ¢ 30 6 2 DYEOR MIMRE 1 70 30 GR M 3 0 CcLSD P M 8p .1 0 0 0 R
MHT 006 C 31 8 2 MRE MIDYECR .1 65 35 GR M 3 0 CLSD P M BP .1 0 0 0 R
MHT 006 C 32 0

MHT 006 C 33 2 MREBR 1 8 15 G C 3 0 ) P M BP .1 0 (] 0 R
MHT 006 C 34 2 MYEOR 1 79 20 GR C 3 0 D P M 88 .1 0 0 0 R
MHT 006 ¢ 3 3 2 MYEOR 1 7 25 GR M 3 0 CLSD P M B8P .1 0 0 0 R
MHT 006 C 36 5 2 LGYPU MTLGY 0 25 75 vC CL 3 0 sbeL vV P '] S B 0 0 R
MHT 006 C 37 2 LGYPU .1 80 20 GR C 3 (i} sD P M BF .1 0 0 0 R
MHT 006 C 38 2 LGYPU .1 8 15 G C 3 0 sD P M B .1 0 0 0 R
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WHP, SAIC
1-100*
28-0CT-92

ADS, SAIC
101-190°
26-0CT-92

whp
29-0CT-92



AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR %SD %MD MX MD R XCG %CS %CM %CMT XCAR NAME SO %POR TYPE XMUS XGLA XLIG X%SUL H FOSSILS

[
.
*

.............. .- - - -- .o - = . -e- R cree meveam- on - PR e cam- cena -m——- - e mrceane

MHT 007 C 1 2 MYEBR 1 89 10 G F 3 0 SD M G BP 0 0 0 0 c
MHT 007 C 2 2 DRETA 2 83 15 GR M 3 0 SO M G BP A 0 0 0 c
MHT 007 C 3 2 DBR 0 8 15 ve M 1 0 SD M G BP 0 0 0 0 c
MHT 007 C 4 2 MRE 1 8 10 GG M 2 0 SD M G BP A 0 0 0 c
MHT 007 C 5 5 2 DBR BMRE 0 9 10 ve M 1 0 sD M G BP 0 0 0 0 c
MHT 007 C 6 6 3 DRE 0 60 40 vC CL 0 CLSD P M 8P 0 0 0 0 c
MHT 007 C 7 3 DRE 0 60 40 VC CL 0 CLSD P M BP 5 0 0 0 R
MHT 007 C 8 5 3 DRE 1 64 35 GR CL 0 CLSD P M 8P o, 0 0 0 R
MHT 007 C 9 2 DRE MTMYEBR 2 68 30 GR CL 0 CLSD P M BP A 0 0 1] R
MHT 007 C 10 7 2 DRE 1 7 25 GR CL 0 CLSD P M BP .5 0 0 0 c
MHT 007 C 1 3 DRE MTMYEBR 0 75 25 VvC CL 0 CLSD P M BP .5 0 0 0 R
MHT 007 C 12 3 DRE 0 60 40 vC L 0 CLSD P P BP 1 0 0 0 R
MHT 007 C 13 3 DRE 0 75 25 vC CL 0 CLSD P M BP 0 0 0 0 R
MHT 007 C 14 8 3 DRE 0 70 30 vC 0 CLSD P M BP 1 0 0 0 R
MHT 007 C 15 5 3 DRE 0 60 40 VvC CL 0 CLSD P P BP 0 0 0 0 R
MHT 007 C 16 8 3 DRE 0 55 45 Ve CL 0 CLSD P P BP 0 0 0 0 c
MHT 007 C 17 3 DRE MTDYE 2 43 55 GR CL 0 SDCL P BP 0 0 0 0 c
MHT 007 C 18 3 DRE MTDYE 1 39 60 GR CL 0 socL P M1 .4 0 0 0 R
MHT 007 C 19 3 DRE 0 50 50 vC cCL 0 SDCL P BP .1 0 0 0 R
MHT 007 C 20 3 DRE 2 38 60 GR CL 0 SDCL P BP .1 0 0 0 R
MHT 007 C 21 3 DRE 0 70 30 vC CL 0 CLSD P M 8P 1 0 0 0 c
MHT 007 C 22 3 DRE 0 40 60 VC ct 0 SDCL P BP . ] 0 0 R
MHY 007 C 23 3 DRE 0 50 50 vC CL 0 CLsD P M BP 0 0 0 0 R
MHY 007 C 24 5 3 DRE 2 23 75 GR CL 0 CL P M1 5 0 0 0 R
MHT 007 C 25 6 3 DRE 1 39 60 GR CL 0 SDCL P MI . 0 0 0 R
MHT 007 C 26 8 3 DRE 2 50 48 GR CL 0 CLSD P M 8P B 0 0 0 c
MHT 007 C 27 3 DRE 0 35 65 ve CL 0 SDCL P M1 S 0 0 0 c
MHT 007 C 28 8 3 DRETA MTMYE 0 40 60 vC ct 0 SDCL P BP A 0 0 0 c
MHT 007 C 29 3 MRETA MTMYE 0 30 70 vc CL 0 SDCL P MI 0 0 0 Q R
MHT 007 C 30 3 MRETA MTMYE 5 35 60 GR CL 0 SDCL P Mi 0 0 0 0 c
MHT 007 C 31 4 MRETA MTMYE 0 50 50 ¢ ¢cL 0 CLSD P P BP 0 0 0 0 c
MHT 007 C 32 4 MRETA MTMYE 0 25 75 vC CL 0 SoCL P Ml .5 0 0 0 c
MHT 007 C 33 3 MRETA BMYE 0 20 80 vc cCL 0 CL P MI .1 0 0 0 c
MHT 007 C 34 3 MRETA BMYE 415 8 6 CL 0 CL P MI .1 0 0 0 c
MHT 007 C 35 6 3 MRETA BLBRYE 5 60 40 VC oCL 0 CLSD P P BP 1 0 0 0 R
MHT 007 C 36 9 2 LBRYE MTMPITA 7 68 25 GR CL 0 CLSD P P BP 2 0 0 0 R
MHT 007 C 37 4 MPITA MTMYE 7 68 25 GR CL 0 CLSD [ BP S 0 0 0 R
MHT 007 C 38 4 0 CLSD P P 8P 3 0 0 o c

MPITA MTDYE 20 45 35 P CL
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AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR XSD %MD MX MD R %CG %CS %CM ¥CMT XCAR NAME SO XPOR TYPE XMUS XGLA XLIG X%SUL H FOSSILS
MHT 008 C 39 2 LGY VARLGY 0 25 ve F 3 0 CLSD P M BP A 0 0 0 c
MHT 008 C 40 2 LGY VARLGY 0 7% 25 ve F 3 0 CLSD P M BP .1 0 0 0 c
MHT 008 C “ 2 MREBR VARLGY 0 80 20 ve M 3 0 sD P M BP .1 0 0 0 c
MHT 008 C 42 2 MREBR VARMREBR 0 7% 2 v F 3 0 CLSD P M BP .1 0 0 0 c
MHT 008 C 43 2 MREBR 0 70 30 ve F 3 0 CLSD P M BP A 0 0 0 c
MHT 008 C 44 2 MYEBR 1 6 35 GR F 3 0 CLsD P P BP A 0 0 0 c
MHT 008 C 45 1 MREBR 2 8 10 G C 3 0 SD M G BP A 0 0 0 R
MHT 008 C 46 1 LYEOR 15 70 15 up vc 4 0 SD P M BP 0 0 0 0 R
MHT 008 C 47 1 LREBR 15 70 15 P vC & 0 S P M BP 0 0 0 0 R
MHT 008 C 48 1 LYEOR 10 80 10 P VvC 4 0 sD P M BP 0 0 0 0 R
MHT 008 C 49 1 LYEOR 8 82 10 L C 3 0 SO P M BP .1 0 0 0 R
MHT 008 C 50 1 LREPU 5 8 10 P C 3 0 sD P M 8P .1 0 0 0 R
MHT 008 C 51 1 LREBR 5 8 10 P Cc 3 0 SO P M BP A 0 0 0 R
MHT 008 C 52 1 LREBR 5 8 10 p C 3 0 SD P M BP A 0 0 0 R
MHT 008 C 53 1 LREBR 5 85 10 L Cc 3 0 sb P M 8P .1 0 0 0 R
MAT 008 C 54 1 LREBR 5 8 10 w c 3 0 sD P M BP .1 0 0 0 R
MHT 008 C 55 1 LREBR MTLGYPU 5 80 15 P C 3 0 so P M BP A 0 0 0 R
MHT 008 C 56 1 LREBR 5 80 15 P C 3 0 sD P M BP A 0 0 0 R
MHT 008 C 57 1 LGYPU 10 75 15 tp € 3 0 SD P M Bp .1 0 0 ] R
MHT 008 C 58 1 LGYPU 10 75 15 w c 3 0 SD P M Bp A 0 0 0 R
MHT 008 C 59 1 LREBR MTLGYPU 5 8 10 GG C 3 0 sD P M 8P A 0 0 0 R
MHT 008 C 60 1 LGYPU BMREPU 2 83 5 GR M 3 0 SD M M BP 1 0 0 0 R
MHT 008 C 61 2 LGYPU BMREPU 0 85 15 ¢ F 2 0 sD M M BP | 0 0 0 c
MHT 008 C 62 7 2 LGYPU BMREPU 0 8 15 ¢ F 2 0 sD M M BP -1 0 0 0 c
MHT 008 C 63 1 LGYPU BMREPU 0 8 15 ¢ F 3 0 SD M M BP A 0 0 0 c
MHT 008 C 64 2 LGYPU BMREPU 0 8 15 vc fF 3 0 SD M M BP . 0 0 0 c
MHT 008 C 65 2 MREPU BLGYPU 0 8 15 ¢ F 3 0 sD M M B8P A 0 0 0 c
MHT 008 C 66 2 LGYPU 0 8 15 vc F 3 0 sD M M BP A 0 0 0 c
MHT 008 C 67 2 LGYPU 0 8 15 ¢ F 3 0 SD M M BP A 0 0 0 c
MHT 008 € 68 2 LGYPU 0 8 15 ¢ §F 3 0 SD M M BP -1 0 0 0 c
MHT 008 C 69 2 LGYPU 0 8 15 ¢ F 3 0 SD M M BP .1 0 0 0 c
MHT 008 C 70 2 LGYPU 0 8 15 VvC F 3 0 SD M M BP .1 0 0 0 C
MHT 008 C [4) 6 2 MREPU 0 8 15 Vv F 3 0 SO M M BP .1 0 0 0 c
MHT 008 C 72 2 LGYPU 0 80 20 vc F 3 0 SD M M BP A 0 0 0 c
MHT 008 C T4 2 LGYPU BDYEOR 0 80 20 vc F 3 0 sD M M 8P A 0 0 0 c
MHT 008 C 74 2 LGYPU BDYEOR 0 80 20 vc F 3 0 sD M M 8P .1 0 0 0 C
MHT 008 C 7 1 MGYPU BMREPU 0 80 20 vC fF 3 0 SD M M BP A 0 0 0 c
MHT 008 C 76 2 MGYPU BMREPU .1 9% 6 GR M 3 0 sD M G 8P A 0 0 0 R
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AREA NO SCR DEPTH REC [IND COLOR STRUCTURE %GR XSD %MD MX MD R %CG ¥CS XCM %CMT ¥CAR NAME SO XPOR TYPE XMUS XGLA XLIG XSUL H FOSSILS
MHT 008 C 115 2 LGY IDYEORSD O 25 75 VC CL 3 0 SDCL v P M1 A4 0 0 (] R
MHT 008 C 16 6 2 LGY IDYEORSD O 25 75 VC CL 3 0 SDCL v P MI A 0 0 0 R
MHT 008 C 17 1 LBR 1 9 10 GR M 3 0 sD M G 8P .1 0 0 0 ("
MHT 008 ¢ 118 1 MBR  ILGYCL 0 55 45 VC VF 3 0 CcLSD v P Bp .1 0 0 (] c
MHT 008 C 119 2 LGNGY IMBRSD 0 20 8 VvC CL 3 0 cL vV P Ml 1000 0 0 R
MHT 008 C 120 2 LGNGY IMBRSD 0 20 8 vC CL 3 0 cL v P M1 1 0 0 0 R
MHT 008 C 121 2 LGY  1IsD 1 35 65 GR CL 3 (] SDCL v P M1 A4 0 0 (] R
MHT 008 C 122 1 DYEOR 0 92 8 VC M 3 0 sD M & BP .1 0 0 0 c
MHT 008 C 123 1 DYEOR ILGYCL 0 6 35 VC F 4 0 CLSD v P 8 .1 0 0 0 c
MHT 008 C 124 1 DYEOR ILGYCL 6 75 25 VC F 4 ()} CLSD P M ;I ] 0 c
MHT 008 C 125 0

MHT 008 C 126 1 DYEOR 0 95 5 VO M 3 0 sb W E B .1 0 0 0 c
MHT 008 C 127 1 DYEOR 6 9 5 VvC M 3 (i} SD W E BP .1 O (] 0 c
MHT 008 ¢ 128 1 DYEOR 0 95 5 Ve M 3 0 SD W E 8 .1 O 0 0 c
MHT 008 C 1229 6 1 DYEOR 0 9 5 VC M 3 (] Sb W E B .1 0 0 0 c
MHT 008 C 130 O

MHT 008 C 131 1 DYEOR WSPLGYCL .1 96 &4 GR M 3 0 sb M E B .1 0O ] ()} c
MHT 008 C 132 1 DYEOR 0 9% & VC M 3 0 D M E BP .1 0 0 0 C
MHT 008 C 133 1 DYEOR A 9% 4 G M 4 i} SD M E B .1 O (] 0 c
MHT 008 C 134 1 DYEOR .1 9% 5 GR M 4 0 sb M OE B .1 O (i} 0 c
MHT 008 C 135 1 DYEOR 1 9% S5 GR M &4 0 1)) M E B8P .1 0 0 0 c
MHT 008 C 136 1 DYEOR 1 9% S5 G M & 0 SD M E B .1 0 0 0 c
MHT 008 C 137 1 DYEOR [ILGYCL 2 8 5 G M 4 ()} sb M E Bp .1 0 0 0 C
MHT 008 C 138 1 MBR 1 93 6 G M & 0 SD M E B .1 O 0 0 c
MHT 008 C 139 1 DYEOR 1 91 8 G M & 0 sD M E BP .1 0 0 0 c
MHT 008 C 140 1 DYEOR 1 91 8 G M 3 ()} D M E BP 1 O 0 (] c
MHT 008 C 141 1 DYEOR 1 8 10 G M 4 0 SD P G 6 .1 0 0 (] C
MHT 008 C 142 1 DYEOR 1 8 10 G M & 0 sb P G 8 .10 0 0 c
MHT 008 C 143 1 DYEOR 2 8 10 GR M 4 0 SD P & BP .1 0 0 0 c
MHT 008 C 144 1 LGYOR BLBR 1 15 GR M 4 (] sD P M BP .1 0 0 (i} c
MHT 008 C %5 0

MHT 008 C 146 1 LGYOR BLBR 1 15 GR M 4 0 SD P M BP .1 0 (] 0 c
MHT 008 C 147 1 LGYOR BLBR 2 8 15 R M 4 0 SD P M B .1 O 0 0 C
MHT 008 C 148 1 LGYOR BLBR 2 8 15 GR M 4 (1 ) P M g .1 0 (] (1} c
MHT 008 C 149 1 LGYOR BLBR 1 8 15 GR M &4 0 SO P M BP .10 0 0 c
MHT 008 C 150 1 LGYOR BLBR 2 8 15 EGR M 3 i} sD P M BP .1 O (] (i} c
MHT 008 ¢ 151 1 LGYOR BLBR 5 8 15 P M 3 0 sD P M B8P .1 0 0 0 c
MHT 008 C 152 1 DYEOR 0 9 10 Ve F 3 (] D W G BP .1 O 0 0 A




AREA NO SCR DEPTH REC [IND COLOR STRUCTURE %GR %SD %MD MX MD R %CG XCS XCM %CMT ¥%CAR NAME SO XPOR TYPE XMUS XGLA XLIG XSUL H FOSSILS
MHT 008 C 153 1 DYEOR 0 9 10 vc F 3 0 sD W G ;14 .4 0 0 0 A
MHT 008 C 154 1 DYEOR 0 92 8 ve F 3 0 sD W G BP .1 0 0 0 A
MHT 008 C 155 1 DYEOR 0 93 7 vC F 3 0 S0 W G BpP .1 0 0 0 A
MHT 008 C 156 1 LYEOR VARLBR 2 92 4 lP M 3 0 SO M E ep .1 0 0 0 c
MHT 008 C 157 1 LYEOR VARLBR 1 95 4 GR M 3 0 SD M E 8P .4 0 0 0 c
MHT 008 C 158 1 LYEOR VARLBR 1 9 4 GR M 3 0 sD M E BP 1 0 0 0 c
MHT 008 C 159 1 LYEOR VARLBR 1 95 4 GR M 3 0 SD M E 8P A 0 0 0 c
MHT 008 C 160 1 LYEOR VARLBR 1 9% 5 GR M 3 0 sD M E BP 400 0 0 c
MHT 008 C 161 1 LGYOR VARLBR 19 5 GR M 4 0 SD M E 8P .1 0 0 0 c
MHT 008 C 162 1 DYEOR FE .1 80 20 GR M 3 A 0 SD M M 8P .1 0 0 0 c
MHT 008 C 163 6 1 DYEOR FE 2 58 40 GR VF 3 A 0 CLSD vV P BP A 0 0 0 c
MHT 008 C 164 1 DYEOR FEBLGY .1 80 20 GR M 3 .1 0 SD M M BP A 0 0 0 c
MHT 008 C 165 1 DYEOR BLGY 0 80 20 vc fF 3 0 SD M M BP -1 0 0 0 c
MHT 008 C 166 1 DYEOR BLGY c 80 20 vc F 3 0 SD P M BP .4 0 0 0 c
MHT 008 C 167 1 DYEOR  BLGY 0 85 15 vc M 3 0 sb M 6 BP .1 0 0 0 c
MHT 008 C 168 1 DYEOR 0 8 15 ve M 3 0 SD M G BP . 0 0 0 c
MHT 008 C 169 1 DYEOR [IFESD 0 85 15 vt M 3 A 0 SD M 6 BP A 0 0 0 c
MHT 008 C 170 6 1 DYEOR ILGYCL 0 8 15 v M 3 0 sD M G BP -1 0 0 0 C
MHT 008 C 171 1 LGYOR WSPLGYCL O 9 10 v F 3 0 S0 M G BP A 0 0 0 A
MHT 008 C 172 1 LGYOR WSPLGYCL O 9 10 vc F 3 0 SD M 6 BP A o 0 0 A
MHT 008 C 173 1 LGYOR WSPLGYCL O 93 7 vVC M 3 0 SD M G BP N o 0 0 A
MHT 008 C 174 1 LGYOR WSPLGYCL O 93 7 ve ¥ 3 0 SD W G BP A 0 0 0 c
MHT 008 C 175 1 LGYOR WSPLGYCL O 9% 6 vC M 3 0 sD ¥ G BP A 0 0 0 c
MHT 008 C 176 1 LGYOR WSPLGYCL O 9% 6 vC M 3 0 sD M G BP A 0 0 0 c
MHT 008 C 177 1 LGYOR WSPLGYCL O 9% 6 Ve M 3 0 sD M G BP A 0 0 0 c
MHT 008 C 178 1 LGYOR WSPLGYCL O 92 8 veC F 3 0 SD M G BP A 0 0 0 c
MHT 008 C 179 1 LGYOR WSPLGYCL O 92 8 vC F 3 0 S M G BP | 0 0 0 A
MHT 008 C 180 1 LGYOR WSPLGYCL O 92 8 vC F 3 0 S0 M G BP A 0 0 0 A
MHT 008 C 181 1 LGYOR ILGYCL 0 70 30 VvC VF 3 0 CLSD P M BP . 0 0 0 c
MHT 008 C 182 1 LGYOR BDYEOR 0 9 10 vc F 3 0 sD M G BP A 0 0 0 C
MHT 008 C 183 1 LGYOR ILGYCL 0 9 10 vc F 3 0 sD M G BP A 0 0 0 c
MHT 008 C 184 1 LGYOR ILGYCL 0 60 40 VC VF 3 0 CLSD v P BP .1 0 0 0 A
MHT 008 C 185 1 LGYOR ILGYCL 0 8 15 ve M 3 0 sb M N BP .1 0 0 0 A
MHT 008 € 186 1 LGYOR BDYEOR 0 9% 4 Ve M 3 0 SD ¥V E 8P A 0 0 0 c
MHT 008 C 187 1 LGYOR BDYEOR 0 9% 5 Ve M 3 0 sD W E BP A 0 0 0 c
MHT 008 C 188 1 LGYOR WSPLGCL 0 95 5 vC M 3 0 SD W E BP N 0 0 0 c
MHT 008 C 189 1 LGYOR WSPLGYCL O 9% 5 ve M 3 0 sD W E BP A 0 0 0 A
MHT 008 C 190 1 LGYOR WSPLGYCL 0 92 8 Ve M 3 0 sD W E BP A 0 0 0 A



AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR %SD XMD MX MD R XCG XCS %CM XCMT %CAR NAME SO %POR TYPE XMUS XGLA %LIG X%SUL H FOSSILS
SAIC, WHP
22-0ct-92

whp

27-0ct-92




AREA NO  SCR DEPTH REC IND COLOR STRUCTURE XGR %SD %MD MX MD R XCG %CS ¥%CM %CMT %CAR NAME SO XPOR TYPE XMUS XGLA XLIG %SUL H FOSSILS
MHT 009 B8 1 1 LTA BOYEBR 0 92 8 VC M 3 1 0 sD M G BP 0 0 0 0 c
MHT 009 B 2 1 LTA 0 9% 6 VC M 3 0 SD W E 8P 0 0 0 0 c
MHT 009 B 3 1 MTWH  MIDYEBR 0 9% 6 Ve M 3 1 0 SD W E BP 0 0 0 0 c
MHT 009 B 4 8 2 MOR A 9% 6 GR M 3 0 sD W E 8P 0 0 0 0 c
MHT 009 B 5 2 MTMOR MTLTA A 9% 6 GR M 3 0 ) W E 8P 0 0 0 0 c
MHT 009 B 6 2 MREBR 1 92 8 GR M 3 0 s W G 8P 0 0 0 0 c
MHT 009 B 7 2 MREBR 0 9 10 vc M 3 0 sD M G BP 0 0 0 0 c
MHT 009 8 8 2 MREBR .1 9 10 GR M 3 0 sD M 6 8P 0 0 0 0 R
MHT 009 B 9 2 MREBR 0 8 15 ve M 3 0 SD M G BP 0 0 0 0 c
MKT 009 B 10 2 MREBR 0 9 10 vc M 3 0 SD M G BP 0 0 0 0 c
MHT 009 B 1 2 MREBR 0 9 10 ve M 3 0 sb M G BP 0 0 0 0 c
MHT 009 B 12 2 MREBR 0 92 8 vCE M 3 0 SD M G BP A 0 0 0 c
MHT 009 B 13 2 MREBR 0 92 8 vC M 3 0 S M G BP .1 0 0 0 c
MHT 009 8 14 2 MREBR 0 9 10 vc M 3 0 Sb M G BP 0 0 0 0 c
MHT 009 B 15 2 MREBR 0 9 10 vc M 3 0 SD M G BP 0 0 0 0 c
MHT 009 B 16 8 2 MREBR ILREORSD © 8 15 ve M 3 0 sD M G BP .1 0 U] 0 c
MHT 009 B 17 2 MREBR WSPDGYSD O 9 10 Cc M 3 0 SD M G 8P .1 0 0 0 c
MHT 009 B 18 2 MREBR I1WHSD 0 80 20 vc M 3 0 SD M M BP .1 0 0 0 c
MHT 009 B 19 3 MREBR IMREBRSD 5 65 30 GR M 3 0 CLSD P M 8P .1 0 0 0 R
MHT 009 B 20 3 MREBR .1 40 60 GR CL 3 0 SDCL v P Ml .1 0 0 0 R
MHT 009 B 21 3 MREBR 0 8 15 ve M 3 0 s M G 8P .1 0 0 0 c
MHT 009 B 22 3 MREBR [IMREBRSD 2 45 53 GR CL 3 0 SDCL v P M1 0 0 0 0 R
MHT 009 B 23 3 MREBR MTMGYSD 1 40 60 GR CL 3 0 SDCL v P MI 0 0 0 0 R
MHT 009 B 24 3 MREBR .1 40 60 GR CL 3 0 SDCL v P M1 0 0 0 0 R
MHT 009 B 25 3 MREBR 1 40 59 GR CL 3 0 SDCL v P MI 0 0 0 0 R
MHT 009 B 26 3 MREBR 1 40 59 GR CL 3 0 SDCL v P Ml .1 0 0 0 c
MHT 009 B8 27 3 DREBR MTMBRSD 10 45 45 GR M 3 0 CLSD vV M BP .1 0 0 0 c
MHT 009 B8 28 5 3 MREBR MTBKSD 0 60 30 GR C 3 0 CLSD vV M BP 1 0 0 0 R
MHT 009 B 29 3 MREBR MTDYEOR 10 S5 35 p Cc 3 0 CLSD vV M BP .1 0 0 0 c
MHT 009 B 30 3 MREBR MTDYEOR 15 45 40 v Cc 3 0 CLSD vV M BP 1 0 0 0 R
MHT 009 B 3 3 MREBR MTDYEOR 3 67 30 GR C 3 0 CLSD P M BP 1 0 0 0 R
MHT 009 B 32 3 MREBR PUCLB 3 67 30 GR Cc 3 0 CLSD P M BP 1 0 0 0 R
MHT 009 B 33 2 DYEOR WHCLB 20 S50 36 P c 3 0 CLSD V M 8P A 0 0 0 R
MHT 009 B 34 3 2 DYEOR WHCLB 15 60 25 P € 3 0 CLSD P M BP 1 0 0 0 R
MHT 009 B 35 2 DYEOR WHCLB 8 62 30 L C 3 0 CLSD P M BP 1 0 0 0 R
MHT 009 B 36 6 2 DYEOR WHCLB 8 72 20 LP C 3 0 SD P M 8P 1 0 0 0 R
MHT 009 8 37 2 DYEOR WHCLB 8 727 20 wc 3 0 SO P M BP 1 0 0 0 R
MHT 009 8 38 7 3 MREOR IDYEORSD 10 55 35 P Cc 3 0 CLsD P M BP 2 0 0 0 R
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AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR X%SD XMD MX MD R %CG X%CS XCM %CMT %CAR NAME SO XPOR TYPE XMUS XGLA XLIG %SuL H FOSSILS

MIT 9 ¢ 115 7 2 DORTA 20 55 25 GR CL 0 CLSD P M BP 0 0 0 0 R
MIT 9 ¢ 116 9 3 DYETA MIDBR 15 65 20 P M 2 0 D P P BP 7 0 0 0 A
MIT 9 ¢ "7 2 DORTA M 70 20 P M 3 0 sD P P B 1 0 0 0 R
MIT 9 ¢ 118 4 3 WHTA BDOR 30 20 50 LP LP 3 0 PBCL P P 8P 2 0 0 0 R
MIT 9 ¢ 119 3 DRETA MIWHTA 0 10 9 vc CL 0 cL P Ml 5 0 0 0 c
MHT 9 ¢ 120 6 2 LYETA 25 S0 25 LP GR 3 0 CLPBSD P M BP 3 0 (] 0 c
MIT 9 € 121 8 2 MYETA 10 65 25 G C 3 0 CLSD P M 8P 0 0 0 0 R
MIT 9 € 122 2 MYETA 0 70 20 GR C 3 0 ) M G B8P 3 0 0 (i} R
MiT 9 C 123 2 MYETA MTWH 0 70 20 P C 3 0 sD M G BP 2 0 0 (] R
MET 9 € 124 2 MYETA MIWHICL 5 70 25 GR C 4 0 cLsp P M BP0 0 0 0 c
MIT 9 € 125 2 MYETA 7 63 30 GR CL 0 CLSD P M BP O 0 0 0 R
MIT 9 C 126 2 DORTA MYWHICL 20 45 35 GR CL 0 CLsD P M BP 0 0 (] (] R
MHT 9 € 127 3 DBR 5 55 40 GR CL 0 CLSD P M BP0 ()} 0 0 R
MIT 9 ¢ 128 3 MORTA MILGYTA O 20 80 GR CL 0 cL P MI S 0 0 0 R
MAT 9 C 129 3 LGYTA WSPMTLOR 15 5 80 GR CL 0 cL P ML 3 0 0 0 R
MET 9 ¢ 130 3 MORBR BMTORBR O 30 70 VC CL 0 sDCL P M7 0 0 (1 c
MHT 9 C 131 0

MIT 9 ¢ 132 5 3 MORTA 0 8 15 VC F 2 0 ) M G 8P 1 0 0 0 c
MAT 9 ¢ 133 2 MORTA MIMYE *© 15 70 15 GR M 3 0 D M G BP 7 0 0 0 c
MIT 9 ¢ 134 2 MORTA MTDRE 20 55 25 P € 2 0 CLSD P M B8P 3 0 (] 0 C
MIT 9 ¢ 135 2 MORTA MIMBRIPB 7 43 50 GR CL 0 SDCL P BP 3 0 0 0 R
MIT 9 ¢ 136 2 DORTA 0 75 25 VC M 3 0 CLSD P M BP 2 0 0 0 R
MHT 9 ¢ 137 2 LYETA MTBK 20 60 20 GR M 2 0 sD M G B 3 0 0 0 R
MIT 9 ¢ 138 2 LORTA MTWH 10 65 25 GR M 2 0 CcLsD P M Bp 3 0 0 0 R
MIT 9 ¢ 139 2 LORTA ICLMTWE 5 50 45 GR CL 0 CLSD P M 8P 1 0 0 0 R
MHT 9 ¢ 140 2 MORTA 5 S5 40 GR CL 0 CLSD P M BP 1 0 0 0 R
MET 9 ¢ 141 2 MORTA 0 80 20 VL M 3 0 sD M 6 Bp 3 0 0 0 c
MHT 9 ¢ 142 2 MORTA 7 68 25 GR C 3 0 cLsp P M 8P 3 0 0 0 c
MIT 9 C 43 0

MHT 9 ¢ s 0

MIT 9 ¢ 145 2 MYETA WsSP 7 63 30 LP CL 0 CLSD P M BP 3 0 (1 0 A
MIT 9 ¢ 146 2 MYETA WSPMTDBR 3 62 35 GR CL 0 CLSD P M BP .1 0 0 0 A
MIT 9 ¢ 147 2 MYETA WSPMIDOR 0 60 40 VC CL (i} CLSD P M 8 3 0 o 0 A
MIT 9 ¢ 148 2 MYETA WSPMTDOR 0 65 35 C CL 0 CLSD P M BP 5 (i} (] 0 A
MKT 9 ¢ 149 2 MYETA WSPMIDRE S 75 20 GR M 2 0 SD M G Bp 3 0 0 0 A
MIT 9 ¢ 150 2 MYETA ICL 15 60 25 GR C 3 0 CLSD P M P 1 0 0 i} c
MIT 9 ¢ 151 2 LA 6 9 5 € VF 2 0 sb W E BP 3 0 0 0 c
MIT 9 ¢ 152 2 LTA 0 9 5 C VF 2 0 sD W E BP S 0 (i} 0 c



AREA NO SCR DEPTH REC IND COLOR STRUCTURE %GR %SD %MD MX MD R %CG %CS ¥%CM %CMT %CAR NAME SO XPOR TYPE XMUS XGLA XLIG %SUL W FOSSILS
MHT 9 c 153 2 LTA 0 95 5 VC VF 3 0 SD W E 8P 3 0 0 0 c
MHT 9 c 154 2 LTA 0 9 5 C VF 3 0 sD W E BP 7 0 0 0 c
MAT 9 c 155 0

MHT 9 c 156 0

MHT 9 c 157 2 MPITA MTDOR 5 75 20 GR M 3 0 Sb M G BP 2 0 0 0 c
MHT 9 c 158 2 LPITA MTDOR 7 7 15 G C 3 0 SD M G BP 1 0 0 0 c
MHT 9 c 159 2 LYETA MTDOR 2 73 25 GR M 3 0 CLSD P M BP 0 0 0 0 c
MHT 9 c 160 0

MHT 9 c 161 0

MHT 9 c 162 0 2 MYETA MTORE 3 2 75 GR CL 0 CL P M1 1 0 0 0 A
MHT 9 o 163 2 MYETA MTDRE 0 40 60 ve CcL 0 SDCL P BP 3 0 0 0 A
MHT 9 c 164 2 LYETA MTMYE 0 25 75 Ve CL 0 SDCL 4 M1 -1 0 0 0 c
MHT 9 c 165 2 LYETA MTMYE 0 25 75 Ve cL 0 SDCL P Ml 1 0 0 0 c
MHT 9@ c 166 2 LYETA MTMYE 10 30 60 P CL 0 SDCL P Ml A 0 0 0 R
MHT 9 c 167 0

MHT @ c 168 2 2 LWHYE MTLTA 0 55 45 vC CL 0 CLSD P M BP 1 4] 0 0 R
MHT 9 c 169 2 LORTA MTWHYE 0 70 30 vc cCL 0 CLSD P M BP 1 0 0 0 R
MHT 9 c 170 2 LYETA MTMYE 0 90 10 € VvF 2 0 sD W E BP 0 0 0 0 R
MHT 9 c 171 2 LYETA 0 93 7 vC F 3 0 sD M G BP | 0 0 0 R
MHT 9 c 172 2 LORTA 5 8 10 G F 2 0 SD M G BP 1 0 0 0 R
MHT 9 c 173 6 2 MORTA ICL 0 7 25 VC VF 3 0 CLSD P M 8P 3 0 0 0 c
MHT 9 c 174 2 MORTA ICL 5 7% 20 GR M 3 0 sD M G BP 2 0 0 0 c
MAT 9 c 175 2 MORTA ICLMTWH 0 50 50 vC CL 0 CLsD P M BP A 0 0 0 c
MHT @ c 176 2 MORTA 0 S0 50 vCc CL 0 CLSD P M BP .5 0 0 0 c
MHT 9 c 177 2 LORTA 0 80 20 Cc F 2 0 sD M G BP 7 0 0 0 c
MHT 9 c 178 2 LYETA 0 9 10 Cc F 3 0 SD W E 8P 1 0 0 0 c
MHT @ c 179 5 2 LYETA 0 93 7 C M & 0 sD W E BP | 0 0 0 R
MHT 9 c 180 7 2 MORTA MTDPITA 1 54 45 GR CL 0 CLSD P M 8P 3 0 0 0 R
MHT 9 c 181 2 DORTA ICL 0 70 30 vCc CL 0 CLSD P M BP 0 0 0 0 c
MHT ¢ c 182 3 MORTA ICL 0 40 60 cCc cCL 0 SDCL P MI 3 0 0 0 c
MHT 9 c 183 3 MGYTA MTMOR 0 40 60 C CL 0 SDCL P M1 3 0 0 0 R
MHT 9 c 184 3 MGYTA MTMOR 0 50 50 C cCL 0 sbCL 4 Ml 3 0 0 0 R
MHT 9 c 185 2 MORTA 0 7 25 Ve F 2 0 CLSD P M BP 2 0 0 0 c
MHT 9 c 186 2 MORTA WSPICL 0 75 25 ¢ M 3 0 CLSD P M BP 1 0 0 0 c
MHT 9 c 187 2 MORTA WsP 0 65 35 vC ct 0 CLSD P M BP 1 0 0 0 c
MHT 9 c 188 2 MORTA 0 70 30 vCc CL 0 CLSD P M BP 1 0 0 0 c
MHT 9 c 189 2 MORTA WSP 0 70 30 vC cL 0 CLSD P M BP 1 0 0 0 c
MHT 9 c 190 2 MORTA WsP 0 65 35 vC CL 0 CLSD P M BP 1 0 0 0 c



SO %POR TYPE XMUS %GLA X%LIG %SUL H FOSSILS

IND COLOR STRUCTURE %GR X%SD %MD MX MD R %CG %CS %CM X%CMT %CAR NAME

SCR DEPTH REC

AREA NO

8P

p

CLSD
SD
SD
SD
SD
sD
sD
SD
sD
SD
SD
sD
sD
SD

0

2 REBR
1 MGY

30 GR

70

10
10
10
10
10
10
10

MHT
MHT
MHT
MHT
MRT
MHT
MHT
MHT
MHT
MHT
MHT
MHT

.1 9 10 GR
20

BTARE
MTRE

9

GR

80
90

TA
TA

LP
GR

10
10
10
10
15
10
15
10
10
15
20
25

90

LBR
LRE
LRE

1
1
1
1
1
1
1
1
1

GR

89
89

9
9
9

LP
GR

BTA

REBR
REBR
REBR
REBR
REBR
REBR
REBR

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

GR

89

LP
GR
Lp
GR

10
"
12
13
14
15
16
17
18
19
20
21

90
89

85

MHT
MHT
MHT
MHT
MHT

GR

80

1

BP

p
[
[
P
p
P

CLSD
CLSD
CLSD
CLSD
CLSD
SDCL
cL

0
0
0
0
0
0

GR

74

2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
2 REBR
3 REBR
3 REBR
3 REBR
3 REBR

6
6

BP

69 30 GR
69

69
69

1

MTYE

8P

GR

30
30

BP

GR

MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHY
MHT
MHT

BP
Ml

GR

30

GR

50
75

49
24
49
49
49
49
49
49
49
49
39
69

LpP
LP
Lp
Lp
LP
LP
Lp

M1

P
p
P
3
[
[
P
[
p
[

SDCL
SDCL

0
0
0
0
0
0
0
0
0
0

50
50
50
50
50
50
50

22

)]

23
24
25

Ml

SDCL

MI

SDCL

9
9

L

SOCL

26
27
28
29
30

M1

SDCL

MI

SDCL

P CL 3
P cL 3
P CL 3

LP

MTYE
MTYE

9

MI

SDCL

50
60

1
1

p

FESDCL
CLSD

MTYEFE

9
6

BP

30

BYE

3

32

P 8P

CLsSD
sD

0

6 69 25 uwp
2
1

1

BREBRYE
3

2 VARP!

33
34
35

10
10

20 GR
30

78
69
74

2 VARYE VARPIBK
2 VARBR MTPIYE

2 VARP1

BP

P
p
P
M

CLSD
CLSD
CLSD
CLSD

0
0
0
0

GR

9
9

10
10
10
10

BP
BP

GR

25

MTYE

36
37
38

25 LP
GR

72
T4

2 DYEOR BREBR

2 GYOR

BP

25

6



AREA
MHT
MHT
MHT
MHT
MHT
MHT
MHY
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHY
MHT
MHT
MHT
MHT
MHT
MHT
MRT
MHT
MHT
MRT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT

NO
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

SCR DEPTH REC

(2]

OO0 O0OO0O0O0O0OD0O00000O00000000O00O000n0000aga0O0000O00O0O0O00

o

0

L]

IND

—-_eed B N = N NVN AN e a NN NNV NNN 2SNV NN -

STRUCTURE %GR %SD

BREBR

BYE
BPIYE
BPIORLBR
BPIGY
BYEPI
BBRGYPI
BGYOR
BYEDGY
BYEBR
BDGYYE
BYE
BGY
BGYGN
BGYTA
BYEGY
BRETA

BGYPUYE
BTAGYDGY
BDGYREGY
BLBRGYTA
BPURE
BTAREPU
BPUBR
BLBRIPB

BLBR

1
3
2
4
2
7
2
4
4
4
2
3
2
3
2
2
1
3

-

A
1
1
A

15

0

USRS NSIETRAZTAIARNE

82
90
90

95
90
90
90
90

85

80
85
9%
85
94

95
95
97

*MD  MX

25
25
25
25
25
25
25
10
30
20
30
25
30
15
30
25
25
15
10
10
15

10
10
10
10
15
15
15
20
15

15

10

LpP
GR
GR
Lp
GR
LP
LP
LP
LpP
LP
LP
LpP
LP
LP
Lp
LP
LP
LP
LP
GR
GR
vC
GR
vC
LP
GR
GR

LP
GR
GR
GR
LP
GR
LP
GR
vC
LP

O OMZT A AMTEIAATTTATTMT AT MM T ME T MIIOATXOOON0O0O0OROO0O0O0

R
3
3
3
4
3
3
4
3
4
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
3
3
3
3
3
3
3
3

o

000000 OCODO0OO0OOO0OO0OO0OO0O0DO0OLDOO0OO0OOLOOOODOO0DO0OO0ODODOOO OOCCOC

%CG %CS ¥%CM  %CMT ¥CAR NAME

SO X%POR TYPE

CLLITI LI LTLTLLLXTIECIXTTERTVT VOV VOV VOV UV VDV DO

mmMmmMo Mmoo MIOOOLEOLOODED MO OHOIETT UV VTV TV IOOHI VT T

BP
BP
BP
BP
BP
BP
8P
BP
BP
BP
BP
BP
21
8P
BP
BP
BP
BP
BP
8P
8P
8P
BP
8P
BP
BP
Bp
BP
BP
BP
BP
BpP
BP
BP
Bp
BP
8P
BP

¥MUS XGLA XLIG XSUL H FOSSILS

- et D D = NSNS e e e ek ) e ek e N ) e

O
-

O 0O 000D O0OO0OO0COO0OO0OOOCOLOOOODOLOOLOOLOODOODODODOODOOCODOO0ODOCOOCO

O OO COD O OO0 O0O0OO0CO0DOODOLOLOLOOO0DLOOLOOLOOOLODODODODOOOO0OCOOOO

OO0 OO0 COO0OO0O0O0OO0O0OO0OOOODODDOO0LOO0OOLODOLODOOLOOCODOODODODOO0OOCOOO

WOV OODRV®OODOOOOOEIPOOOOOODCEOODO I OO0 VD VD 00D ODRND



AREA
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHTY
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHT
MHY
MHT
MHT
MHT

NO
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

SCR DEPTH REC

eme cecve= .aa=-

o
~
~

100
101
102
103
104
105 3
106 0
107
108
109
110
m
112
13
114

OO0 0000000000000 0000000000000000000
O
o~
o

IND

- md o e md e el b ed ) e ad a3 e b 3 ah o eh b b el b 3 o A —a

- NN NN - -

STRUCTURE XZGR %SD *MD MX

BDYEOR

BLBR

BLBR
BDYEOR
BDYEOR

BMBR

BLYEBR

BBRISD

MTTA
BLBR
BBK
BLBRIPB

BBK
YEORISD
YEORISD
YEORISD
GYGNICL
WSPGYICL

.1
.4

1
1
2
4
4
1
1
2
1
A
6
5
3
2
3
2
1
0
2
3
2
2
2

-

O O e

- D - = OO N -

97
97
96
95
94
93
92
97
96
95
96
93
91
92
9%
95
94
96
96
15
93
62
78
53
88
98
94
97
98

84
95
40
25
39
54
30
96

WA LW RN W N W

Al - -3
w

35

GR
GR
GR
GR
Lp
GR
GR
Le
LP
LP
LP
LP
GR
GR
LP
Lp
LP
LP
LP
c

Lp
LP
LP
LP
LpP
GR
LP
vC
vC

LP
GR
vC
c

GR
GR
ve
Lp

MD R XCG XCS XCM %CMT XCAR NAME

(o]

OO0 OO0 00D0000 00X

W W W W W W W W WS DD DWW

W W W W W W WW

CO0OO0O0DOO0ODO0CO0OO0ODOCODOOCODODOODOODCOOCDODOOCOOO O

Cooooo0o0Q0oOooo

CLSD
SO
CLSD
SD
SD
SD
SD
SD

SD
sD
SDCL
SDCL
SDCL
CLSD
SDCL
SD

SO %POR TYPE

T ELELXX VIV U o LCLELLLCDCLCLLLL L R LCLLCLCTCTCCT T

LY 99V UO 9L =X

m

mMmMmmMmmME v OoTmMmMmoOMmMmMMMMmMmMmmMmmMmMMMMmMMMMMMM

m v 9 v9v%v% omoo

BP
BP
BP
BP
BP
8P
BP
BP
BP
BP
BP
BP
BP
BP
8P
B8P
BP
BP
BP
M1
BP
BP
8P
BP
BP
BP
8P
Bp
BP

BP
BP
M1
M1
MI
BP
MI
BP

AMUS  XGLA XLIG %SUL H FOSSILS

N OOODODOODOODOODODO0ODOLODODOOODOCODOO

- s s
— - -a

N - - N

- NN b

C OO0 O0CO0O0LOO0OO0CODODOO0OOO0DOCODOOLOOOODODDOODOCDCOO®

Ooocooocoo

[~

OO0 O0CO0DO0COO0DOL0ODO0OODOCODOOCODOOLODOOCOODOOOO

(=D~ T = i -~ T = I = I =}

C OO0 o000 O0OO0COCO0DOOOO0OO0OO0ODO0DOoOCOLODLOLOOCODODOOCODOD O

coocooocoo

2> > > D OOD OO0 DT/ VTR TN D OO O DO

OO0 0On
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MHT 10 C 115 1 DYEOR WSPGYICL 1 95 4 GR M 3 0 s W E BP 1 0 0 0 c
MHT 10 ¢ 116 1 DYEOR 12 8 6 P ¢ 3 0 SO M G BP A 0 0 0 R
MHT 10 C 117 1 DYEOR 11 8 5 tp M 3 0 SD M G BP .1 0 0 0 R
MHT 10 C 118 1 DYEOR MTBR 25 65 10 L c 3 0 PBSD P G BP A 0 0 0 R
MHT 10 C 119 1 DYEOR 5 50 45 GR F 3 0 CLSD P P 8P A 1 0 0 R
MHT 10 C 120 1 LBR MTBR 10 8 3 P c 3 0 SD M E BP 1 0 0 0 R
MHT 10 C 121 1 OYEOR BBNGYICL 30 50 20 LP € 3 0 PBSD LA 8P 5 0 0 0 R
MHT 10 C 122 1 DYEOR WSPGYICL 2 89 9 P M3 0 sD M G BP 1 0 0 0 c
MHT 10 C 123 1 DYEOR WSPGYICL 4 8 10 G F 3 0 SD M G BP 1 0 0 0 c
MHT 10 C 124 2 DYEBR BGYGN 0 65 35 VC F 4 0 CLSD P P 8P 3 0 0 0 R
MHT 10 C 125 1 DYEOR BTA 0 9 7 cC Ff 3 0 SD W E BP 1 0 0 0 A
MHT 10 C 126 1 DYEOR BTAGYICL O 65 35 v F 3 0 CLSD P E 8P 1 0 0 0 A
MHT 10 C 127 1 DYEOR BLBR 0 % 6 C F 4 v} S0 W E BP 2 0 0 0 A
MHT 10 C 128 1 OYEOR BLBR 3 87 10 G M 3 0 CTSLSD P G ep A 0 0 0 c
MHT 10 C 129 8 1 DYEOR 0 97 3 c M 3 0 sD W E BP 1 0 0 0 c
MHT 10 C 130 0

MHT 10 C 13 0

MHT 10 C 132 0

MHT 10 C 133 1 DYEOR LYEORICL 1 79 20 GR M 3 0 SD P M 8P 1 0 0 0 c
MHT 10 C 134 1 DYEOR 3 91 6 tp ¢ 3 0 S0 W E 8P A 0 0 0 c
MHT 10 ¢ 135 1 DYEOR 1 9% 5 GR C 3 0 SD W E 8P .1 0 0 0 c
MHT 10 C 136 1 DYEOR 1 8 15 GGrR M 3 0 SD W G BP A 0 0 0 c
MHT 10 C 137 1 DYEOR 1 89 10 G M 3 0 SD W G 8P .1 0 0 0 c
MHT 10 C 138 1 LBR WSPGYCL 1 59 40 GR M 3 0 CLsD [ BP 1 0 0 0 c
MHT 10 C 139 1 LBR 3 87 10 P M 3 0 SO M G BP 2 0 0 0 c
MHT 10 € 140 1 LBR 4 81 15 w M 3 0 SD M G BP A 0 0 0 c
MHT 10 C 141 1 LBR 30 50 20 tp F 3 0 PBSD P M BP 1 0 0 0 R
MHT 10 ¢ 142 1 ABR 25 68 7 LP ¢ 3 0 PBSD M G 8P 1 0 0 0 c
MHT 10 ¢ 143 0

MHT 10 C 144 0

MHT 10 € 145 1 LBR 20 72 8 GR C 3 0 sD M G BP 1 0 0 0 c
MET 10 ¢ 146 1 LBR 2 83 15 p F 3 0 SD M G BP | 0 0 0 c
MHT 10 € 147 1 LBR 3 82 15 GR M 3 0 S0 M G 8P A 0 0 0 c
MHT 10 C 148 1 LBR 4 81 15 6 € 3 0 sD M G BP A 0 0 0 c
MHT 10 C 149 1 DYEOR VARGYGN 8 8 8 P M 3 0 SD L ] BP A 0 0 0 c
MHT 10 € 150 1 DYEOR BGYGN 5 75 10 wp € 3 0 CTSLSD P M BP 1 0 0 0 c
MHT 10 C 151 1 DYEOR BGYGN 2 93 5 (L 0 sD M G 8P 1 0 0 0 c
MHT 10 C 152 1 DYEOR BGYGN 5 91 4 GR M 3 0 SD P G BP 1 0 0 0 A
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MHT 012 C 1 3 MYEBR BREBR 0 80 20 vc M 3 0 SD M M BP 0 0 0 0 c
MHT 012 C 2 7 3 REBR 1 5% 45 G6R CL 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 3 3 REBR  MTBKYE 0 55 45 vc cL 3 0 CLSD P P BP 0 0 ] 0 c
MHT 012 C 4 8 2 GYOR 0 9% 5 vc M 3 0 SD W E BP 0 0 0 0 A
MHT 012 C 5 2 MYEBR BREBR 0 90 10 vec M 3 0 sD M G BP 0 0 0 0 c
MHT 012 C [ 7 2 MYEBR 3 87 10 GR M 3 0 sD M G 14 0 0 0 0 c
MHT 012 C 7 2 MYEBR 0 93 7 Ve M 3 0 SD W E BP 0 0 0 0 c
MHT 012 ¢ 8 6 2 MYEBR 0 90 10 vc M 3 0 SD M G 8P 0 0 0 0 c
MHT 012 C 9 3 REBR 1 69 30 GrR M 3 0 CLsD P P BP 0 0 0 0 c
MHT 012 C 10 2 3 REBR 1 64 35 GR M 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 11 3 REBR 0 60 40 vc cL 3 0 CLSD P P BP 0 0 0 0 c
MHT 012 C 12 6 3 REBR 0 60 40 vc CL 3 0 CLSD P P BP 0 0 0 0 c
MHT 012 C 13 3 REBR 0 60 40 vc cL 3 0 CLSD P P BP 0 0 Q 0 c
MHT 012 € 14 6 3 REBR 0 60 40 vCc cL 3 0 CLSD A BP 0 0 0 0 c
MHT 012 C 15 3 REBR 0 60 40 vc CL 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 16 8 3 REBR 1 59 40 GR CL 3 0 CLSD P P 8P 1 0 0 0 c
MHT 012 C 17 3 REBR 1 59 40 GR CL 3 0 CLSD P P BP 0 0 0 0 c
MHT 012 C 18 9 3 REBR 0 60 40 vCc cL 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 19 3 REBR 0 60 40 vc ct 3 0 CLSD P P 8P 0 0 0 1] c
MHT 012 C 20 8 3 REBR 1 5 45 GR CL 3 0 CLsD P P BP 0 0 0 0 c
MHT 012 C 21 3 REBR 2 58 40 GR CL 3 0 CLsD P P BP 0 0 0 0 c
MHT 012 C 22 3 REBR 2 58 40 GR CL 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 23 3 REBR 1 56 45 GR CL 3 0 CLSD P P 8P 0 0 0 0 c
MHT 012 C 24 3 REBR 1 4 55 GR CL 3 0. SDCL P P M 0 0 0 0 c
MHT 012 C 25 3 REBR 1 49 50 GrR CL 3 0 SDCL P P Ml 0 0 0 0 c
MHT 012 C 26 7 3 REBR 1 49 50 GR CL 3 0 sbcL P P MI ] o 0 0 c
MHT 012 C 27 3 REBR 1 4 55 GR CL 3 . 0 SOCL P P M1 0 0 ] 0 c
MHT 012 C 28 6 3 REBR 1 46 55 GR CL 3 # 0 SDCL P P L1 0 0 0 0 c
MHT 012 C 29 3 REBR 1 4 55 GR CL 3 0 SDCL P P MI 0 0 0 0 c
MHT 0612 C 30 3 3 GYOR 2 53 45 GR CL 3 0 CLSD PP BP 1 0 0 0 c
MHT 012 C 3 8 3 GYOR  MTREBR 2 53 45 GR CL 3 0 CLSD I 8P 1 0 0 0 c
MHT 012 C 32 0

MHT 012 C 33 3 DYEOR MTREBR 1 54 45 GR CL 3 0 CLSD P P ;14 0 0 0 0 c
MHT 012 C 34 7 3 REBR 1 56 45 GR CL 3 0 CLsD P P 8P 2 0 0 0 c
MHT 012 C 35 3 REBR  MTBROR 1 56 45 GR CL 3 0 CLsD P P BP 2 0 0 0 c
MHT 012 C 36 6 3 BROR MTREBR 3 57 40 GR CL 3 0 CLSD P P BP 2 0 0 0 c
MHT 012 C 37 3 DYEOR MTREBR 2 63 35 GR C 3 0 CLsD P P BP 3 0 0 0 c
MHT 012 C 38 9 3 DYEOR 2 63 35 6R C 3 0 CLsD P P BP 3 0 0 0 c
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Comparison of Plate Count & Sample Water - MHB 3T
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Table A

Summary of Heterotroph Cluster Analysis

3T 5V 10B

Total Number Tested 148 132 123

a Clusters' 24 12 18
Mean size 4.2 (sD=286) 7.8 (SD=14.9) 4.2 (sb=4.3)
Mean L.D. 0.086 (sp=0.018) 0.085 (sp=0.001) 0.072 (sb=0.017)
Largest 12 57 20
Smallest 2 2 2
Number with members
from one depth 10 6 7
Number with members
from more than two
depths 5 5 3

B Clusters® 13 11 11
Mean size 9.9 (sb=1338) 10.2 (sb=16.1) : 9.5 (spD=8.4)
Mean L.D. 0.146 (sp=0.032) 0.16 (sp=0.025) 0.15 (sb=0.04)
Largest 55 59 24
Smallest _ 2 2 2

' a Clusters are defined as a group of isolates that are linked by a linkage distance
(LD.)=0<LD.<0.1.

? B Clusters are defined as a group of isolates that are linked byalD. =0<LD. < 0.2.

| Y5
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Table B

Description of Heterotrophic Isolates Tested

Depth (in ft.)

5
15
17
27
29
39
51
75
77
89
99
101
111
113
123
125
135
147
167
171
175
191
195

Totals

37

14

©o

18

14

148

12

10

27

17
16

132

10B

10

20

15

32

15

123

" Indicates the number of isolates from a given depth for which the CSUPs
were determined and used to create dendrograms for cluster analysis.




Depth (in feet)

Table C

Description of Oligotrophic Isolates Tested

Total

5
15
17
27
29
39
51
75
77
89
99
101
111
113
123
125
135
147
167
171
191
195

3T
18

23

18
14

15

17

116

5V

10

N

25

10B

67



Table D

Summary of Oligotroph Cluster Analysis

3T sV ioB

Total Number Tested 116 25 67

Clusters’ 11 3 8

Mean Size 7.9 (sb=117) 4.7 (sp=3.1) 5.8 (sb=7.0)

Largest 44 9 24

Smallest 2 2 2

Number with members

from one depth 3 " 0 4

Number with members

from more than two

depths 6 2 2

" In this case a cluster is defined as a group of isolates with a L.D.=0
(i.e. the CSUPs were identical). '




Table E

Comparison of Oligotrophs Present in All Communities’

Number of Clusters?® 17
Largest 77
Smallest 2

Number With Members From
3T, 5V and 10B 5

Number With Members From
3T and 5V 2

Number With Members From
3T and 10B 5

Number With Members From
5V and 10B 0

Number With Members From
Only One Well 5

' The CSUPs of all isolates were combined and compared using cluster
analysis.

2 In this case a cluster represents a group of isolates with identical CSUPs.



Table F

Dual Comparisons of Heterotrophic Communities

a Clusters'
Communities Compared Mixed Only from 3T Only from 5V Only from 10B
3T & 5V 11 14 9 e
Mean size®* (6.3 sp=34)
5V & 10B 8 e 5 11
Mean size (13 sD=21.2)
10B & 3T 10 20 14

Mean size (5.8 sb=23)

' a clusters have L.D. <0.1.
2 The mean sizes given are for the number of members in mixed clusters
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Hierarchical Tree

Cass No.
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CIUSter #3 Nitrosolobus sp. (cells/gdt
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CIUSter #5 Nitrosolubus sp. (cells/gd\
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Cluster #7
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Cluster #5

Nitrobacter a/w (cells/gdv

0.1 1 10 100 1000 10000 100000 1000000 10000000
0 = | — —— | %
Wwrmmznmm T »
20 e -
+ e
40 —-~—‘-—"-"'"'"""”“""'“""""‘:"‘é -------------------- o
a‘ ________________________ B Gttt e .- -
80T " €
B -
= 80+ | -
s e &
[ ——— e
£ 100 + R B,
o S “p
& e o )
120 + T e R
& TTem
T ~ .'@
140 + ' o
g
160 -+ o R [ B Pre
180 + e eeemmemmm T ¢ ----%--- Post
% _________________________

200 -~



Cluster #7

Depth (ft)

20

40

60

80

100

120

140

160

180

200

Nitrobacter a/w (cells/gdv

0.1 1 10 100 1000 10000 100000 1000000
& : : | = : s
- "
1 o e u
e L.
. PR
----------------------------- %
e
T $
| R L
* e
. T
4 2 _
o W
4 O *®
___________________________ o
1 ” il -
B 5
T @ —---mm-memmmm--meoSomSosoTooTToTTTEETS I - - Pre
L g ----#--- Post




Cluster #3
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Cluster #7
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Cluster #7

Beijerinckia japonicum (cells/gd
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Cluster #5

Ferrobacillus ferroxidans (cells/gd
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CIUSter #3 SRL-MIF (celis/gdw
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Cluster #5 SRL-MIIF (cells/gdw
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Cluster #5

Legionelia pneumophila (cells/gd
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(1213091)

SSP Integratyed Demonstration Project

Well M_HB3T
MOLE % :
PLFA INDEX 5 17 29 41 53 65 w 89’ 101’ 113 125° Bk
12:0 137 0.59 0 0 0.31 0 0 0 o 0 0 0 0
i13:0 200 0 0 0 0 0 0.62 0 0 0 0 0 0
213:0 208 0 4] 0 o] 0 0.17 0 0 0 0 [ 0
13:0 241 0 0 0 0.03 o 0.01 0 1] 0 0 0 0
i14:0 319 0 0 0 0.08 0 1.30 [ 0 0 0 0 0
14:0 368 4.07 0 4,80 637 0 1.46 0 [ 0 0 0 0
brid:ic 431 0 0 g o 0 0.14 0 0 0 0 0 0
i15:0 462 0.12 0.82 0 0.22 0 2224 0 0 0 0 0 0
215:0 473 0 0.20 0 0.56 0 8.54 0 0 0 0 0 0
15:0 517 0 [+] 0 0 0 0.70 0 0 0 0 ] 0
br15:0a 524 [ 0 0 0 0 0.83 0 0 0 0 0 0
bris:la 584 0 o [ 0 0 0.16 0 0 0 0 0 0
i16:0 620 0 138 0 0.11 0 723 0 o 0 0 0 0
a16:0 633 0 0 0 0 0 027 0 0 0 0 0 0
16:1w9¢c 637 117 0 124 448 0 0.33 0 o] 0 0 0 0
. 16:iwTe 645 0.25 0.66 0.23 0 0 285 0 0 0 0 0 0
16:1w7t 652 0 0 0 0 0 0.29 0 0 0 0 0 0
16:1w5¢c 661 0.73 0.43 [¢] 0 0 1.57 0 0 0 0 1] 0
16:0 684 53.32 32.50 70.96 56.09 0 12.20 26.38 59.60 68.24 41.11 0 70.14
bri6:0a 690 0 0 0 0 0 0.42 0 0 0 0 0 0
bri6:1a 740 0 0 0 0 0 0.54 0 0 0 0 0 [
br16:1b 746 (4] 0 0 [ 0 151 0 4] 0 0 0 0
10me16:0 759 0 0 0 0 0 5.3¢ o [ ] 0 o 0
11me16:0 764 0 0 0 0 0 0.74 0 0 0 1] 0 0
br16:0e 7 [ 0 0 0 0 113 0 0 [ 0 0 0
i17:0 793 0 0.89 0 0 0 6.73 0 0 0 0 0 0
al7:0 807 0 0 0 0.27 0 4.30 ] 0 0 0 0 0
cv17:0 829 0 0 0 0 0 1.72 0 0 o] 0 0 0
17:0 858 0.64 0 1.19 1.90 0 0.18 0 0 0 0 0 0
br17:0a 865 0 1.61 0 0 0 3.59 0 0 0 0 0 0
br17:0b 875 0 0 0 0 0 0.14 0 0 0 0 0 0
10me17:0 932 0 0 0 0 0 0.15 0 0 0 0 0 0
br17:1a 937 0 0 0 0 0 0.16 0 0 0 0 0 0
18:2w6 976 7.40 2.96 0 0 0 0.23 0 0 0 0 0 0
18:1w9¢ 989 15.69 28.12 712 9.07 0 3.62 25.77 24.50 4.7 10.00 0 13.54
18:1w7¢ 1000 0.43 145 0.27 0 0 2.26 3.68 0 0 0 0 0
18:1w7t 1010 0 0 0 0 0 0,11 0 0 ] 0 0 0
18:1w5c 1018 0 0 0 0 0 0.04 0 0 0 0 0 0
18:0 1040 8.93 10.99 12.90 17.32 0 1.27 14.72 15.89 27.06 48.89 0 16.32
br19:1 1052 0 270 0 0 0 0.07 0 0 0 0 0 o
10me18:0 1113 0 [ 0 0 0 0.91 0 (] [ 0 0 0
11me18:0 1118 0 0 0 0 ] 0.77 0 0 0 0 0 0
cy19:0 1194 0 0 0 0 0 2.99 0 0 0 4] 0 ]
204w6 1268 0 0 0 0 0 0.03 0 0 0 ] 0 4]
20:1w9c¢ 1341 0 0 0 0 0 0 25.15 0 0 0 0 0
20:0 1402 1.55 0 0.23 0.24 0 0.07 0 0 0 0 0 0
22:11w9¢ 1704 0 0 0 0 ] 0 4.29 0 0 0 0 0
220 1750 5.1 7.30 0.98 1.94 0 0.03 0 [ 0 0 4] 4]
23:0 1915 4] 1.55 0 0.17 0 [ 0 0 4] 0 ] 4]
24:0 2077 0 6.45 0.26 0.83 0 0 0 0 0 0 0 0
Total 100.00 100.00 100.00 100.00 0 100.00 100.00 100.00 100.00 100.00 0 100.00
pmol/gdw 17.73 9447 10.40 3.63 0 188.34 0.03 0.02 0.01 0.01 0 0.04 (avg gdw of 88.56)



(12/30/91) SSP Integrated Demonntration Project

PLFA INDEX 3 15 27 3 1 63 s 87 9 19’ nr 47T 167 189

114:0 318 0.23 [} /] 0 1] 1] /] ] 0 ] 0 1] 0 [V} 0 [} 0 [+] 0 1] 0
14:0 368 0.35 0 [ (] 0 1] (] 2] 4] ] 0 4. 2.00 1.26 5.88 ] 545 0 0 4 [}
i15:0 459 11.13 ] 0 ] 0 [} [ [+] [} ] 0 0 0 1.53 (] 0 4 3.08 () 0 1.02
a15:0 470 4.80 1] 0 0 0 [/} 0 4] [+] 0 0 0 0 0 ] 0 0 1] ] 0 0
15:0 516 0.17 0 1] 0 /] 2] 4] 0 0 0 0 3.54 167 203 3.49 0 0 V] [+] 0 [
br15:0a 523 0.95 0 0 [} [+ 0 [} [ 0 0 0 4} 0 0 0 0 0 s] o 0 [+
belS:ta 583 0.3 0 ] 0 0 ] 0 ] ] 0 1] 0 ] 0 0 0 0 [¢] ] [4 [}
br15:0b 1341 0.11 0 (] 0 0 (] 0 0 0 0 1] [*] 1] 0 0 0 [ [ (] 0 4
i16:0 618 6.55 0 4] [ 0 0 ] o] /] 0 0 1] [ 0 0 ] [} ] [¢] [ ¢
a16:0 631 0.28 [ 0 1] .0 [¢] 0 [+] /] o o] 0 [} [+] o] [} 0 [ [} 0 ¢
16:1wic 635 0.41 0 0 0 0 o] 0 0 0 0 [} [4] 0 o o] o] [} 0 V] ] 0
16:1w7c 643 ar 0 [} [} 0 0 /] V] 0 0 0.40 0.87 - 0 1.26 0 /] 0 .67 /] 1] 1.22
16:1wSc 660 1.33 [} [} [} [+] [} 0 V] 0 [} 0 0 [+] 0 ] [} 0 0 0 0 [
16:0 661 6.86 .21 [} .64 57.58 1 82.38 4 7 1 56.88 46.26 49 69.57 3 2 62.89 77.18 .43 22.64 43.41
bri6:0a 689 2.98 [¢] [+] 0 0 0 o] »] 1] 0 0 [} o 4] 4] 0 [ [ 0 0 0
br16:0b 6 0.38 (] 0 ] 0 (] 0 0 ] 0 [ 0 0 0 ] [+] 0 ] (] 0 0
brl16:0c 708 0.12 [} 0 [} 0 o} (4] 0 [+] 0 0 o] 0 0 o 0 4] 4] ] [} [}
bri6:la 739 0.21 4} 0 0 [} [} [+] 0 0 0 o o] 0 0 0 [} [} ] 1] [} 0
bri6:1b S 1.64 0 ] <] 1] [»] ] [} 0 0 ] ] 0 0 0 0 o] 0 ] [} 0
br16:0d 752 0.88 0 0 0 [ [+ 0 [+ [+] [} 0 0 0 [} 0 0 0 [} 0 0 0
10me16:0 %7 13.80 0 0 0 0 [+] 4] o] 0 0 0 0 0 ] +] 0 0 0 0 0 0
11me16:0 762 2.00 0 (] 0 [¢] (] 0 o ] [ 0 0 4 [+] [+] ¢} [} [4 0 (1] (]
br16:0e T0 0.62 0 [»] 0 ] 1] [+] o L] 0 [+] 0 [} 0 0 0 0 [+] 0 0 0
brié:1c 778 0.t0 0 [+] 0 o] 0 \] ] [+] [} 0 0 [} 0 o 4] 4] 0 ¢} o] o
i17:0 1 443 0 ] 0 0 4] 0 0 0 0 0 0 0 0 4] 0 0 o [+] [} [+
al7:0 805 3.03 0 4] [} o] 1] o} 0 0 0 0 0 0 0 4] 0 o} [+] (4] 0 0
17 1wéc 811 0.26 o] 0 4] [} 0 4] <] 0 0 0 o] 0 o] 4] 0 1] 0 ] 0 o
cv17:0 827 1.88 o 0 0 3 o} 0 .31 o] 0 0 1.03 .23 1.3 .55 o] 1.47 .89 0 0 K-k}
m 840 0.06 [} [+] 0 1] 0 (s} o} o] [} 0 [+] 1] 0 [¢] 0 [¢] s} o 0 0
17:0 857 0.16 0 0 o 0 0 0 0 [+ 0 0 2.82 ] 0 0 2] [+} o} 0 0 [}
br17:0a 863 8.69 0 0 0 0 [+] o 0 0 0 0 0 0 [+} [+} 0 0 0 [+ 0 [
bri17:0b 873 1.17 [+] ] 0 [+] 4] o] 0 0 0 o 0 0 0 o o] 4] 0 [} 0 o}
10mel 7:0 930 0.33 0 ] 0 0 s} [+] 4] 0 0 0 o] 0 [} 4] 0 0 4] 0 0 0
bri17:1b 940 0.26 0 4] 0 V] 4] 4] 0 0 0 0 0 o 0 0 o [+] 0 4] 0 ]
18:2w6 974 0.40 [} 0 o o 0 1.10 .22 1.34 0.33 565 221 148 0.71 294 o o] 0.12 0 [+ X
18:1wdc 987 224 ] 6 15.15 18.05 21.28 11.44 10.61 18.87 9.52 18.55 34.05 17.82 7.48 8 60.38

18:1w7e 998 4.23 0 0 4.55 4.04 4,37 [ 1.00 4.48 1.89 0 [] 31.03 0 0.47 [ 0

181wh 1008 0.03 0 [¢] 0 ] 0 o ] 0.50 0 0 0 0 o] 0 ] 1] 0 0

18:1 1010 0.10 0 0 0 [} 0 0 0 0 0 0 0 0 0 0 [¢] 0 o] 0 0

18:0 1038 1.52 [+} 44 1212 15.87 3 10.59 10.87 1277 10.29 7.54 15.80 1237 8.18 .09 -}

br16:0a 1099 0.11 0 0 [+] 0 ] [¢] 0 [} ] [+] 0 0 0 (] 0 0 0 0 4
10me18:0 111 1.26 [} (o] 0 0 0 [} 0 0 [+] 0 0 0 o] 0 0 0 4] 0 [}
11me18:0 1115 1.18 [ 0 0 ] [ 0 [ [ 0 0 0 ] o 0 (] [ o 0 [}
cv19:0 1192 5.68 (] [] 0. ] 0 (4] (] [ [ 4] 0 0 [ [¢] 0 0 ] 0 [}
20:4w6 1266 0.03 0 0 [} 4] 0 0 0 0 0 -0 0 o] [ 0 0 ] [+] 0 [+}
20:0 1399 0.03 0 1] [} 0 4] 0 (s} 1] [} 0 [} [+] [+ ¢ 0 o 0 0 o}
21:0 1578 [¢] 0 (] 0 0 0 0 [+] [+] 4] 1.03 4} [ [ 0 [ 0 0 0 (]
21w 1702 0 0 0 0 0 0 0 ] 0 ¢} 4.0 0 [ 0 0 0 0 0 0 [
220 1750 0 0 0 [} 0 (4] 0 [+] 0 0 2.82 0 0 0 o] [+ 0 [+] 0 o]
23:0 1716 4] 0 0 0 0 ] 0 4] 0 0 0.36 0 0 0 [+} 0 0 0 o] 0
240 2078 0 [+] [} 0 0 ] 1] 4] 0 0 1.85 1) o} [} o} o] 0 0 0 ]
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
pmol/gdw 130.23 0.07 0.15 0.1¢ 0.33 0.25 0.06 {avg gdw of 81,53 0.06



(12220/91) SSP Integrated Demonstration Project
Well MHTY9B - .
MOLE %

PLFA INDEX 15’ 27 39 5V 63’ 75 87 929’ 111 119 Blk-1 Bik~2  Avg Blk:
14:0 369 0 0 ] 0 0 1.45 0 0 0 0.62 0 0 ¢
15:0 517 0 0 ] 0 0 1.79 0 0 0 0 0 0 ¢
16:1w7c 644 0.76 0 0 0 0 0.98 0 0 0 3.35 0 0 ¢
16:0 683 33.67 32.04 57.47 29.79 33.93 75.21 73.28 40.93 84.91 84.29 96.94 100.00 98.47
al7:0 806 0 2.69 0 0 0 0 0 0 0 0 0 0 ¢
cy17:0 827 0 4.79 0 0 0 0 0 0 0 0 0 0 0
18:2w6 972 4.16 1.80 0 0 0 0 0 0 0.77 0.40 0 0 0
18:1w9c 986 2245 27.54 17.53 2837 33.93 497 6.04 13.08 7.42 3.91 0 0 0
18:1w7c 997 15.89 7.49 6.17 213 17.86 3.87 233 0 2.30 3.12 0 0 ¢
18:1wTt 1004 0 3.29 0 0 0 0 0 0 0 0 0 0 0
18:0 1038 23.08 20.36 18.83 22.70 14.29 7.53 9.01 9.28 4.60 4.31 3.06 0 1.53
20:1a 1336 0 0 0 17.02 0 1.83 6.16 3.38 0 0 0 0 0
20:1w9¢c 1348 0 0 0 0 0 0 0 33.33 0 0 0 0 0
22:1w9c 1701 0 0 0 0 0 238 3.18 0 0 0 0 0 0
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
pmol/gdw 0.09 0.09 0.04 0.03 0.01 0.27 0.11 0.04 0.08 0.38 (avg gdw of 80.44) 0.0



(12/30/91) SSP Integrated Demonstration Project
‘Well MHT10B
MOLE %

PLFA INDEX 15’ 27 39 51 75° 87 99’ 117 123’ 135 Bik
12:0 136 0 0 0.54 0 0 0 (i) 0 0 0 0
14:0 369 2.19 0 4.36 247 0.99 6.65 0.59 1.31 0 1.83 0
i15:0 458 0 0 0 1.00 0 0 0 0 0 0 0
15:0 517 0 ] 0 0.39 0.35 0 0.24 0 0 0.81 0
16:1w7c 645 0.27 0 0.58 0 0.78 3.38 0.16 0.66 0 0.17 0
16:1w7t 652 0 0 0 0 0 0.24 o 0 0 0 0
16:0 682 42.24 52.63 78.35 76.04 75.02 84,95 67.58 69.42 62.20 66.08 74.30
17:0 859 0 0 0 0 0.61 0 0.71 0 4] 0.63 0
cyi7:0 828 0 0 0 0 1.04 0 0 0 0 0 0
18:2w6 978 0.82 239 0 0 0.17 0 0.20 0.55 0 1.10 0
18:1w9¢c 988 29.26 24.88 278 518 5.62 1.63 7.71 9.23 14.96 231 1117
18:1w7c 1000 3.37 0 0 2.09 432 0.85 1.78 3.1 0.79 0.77 0
18:0 1040 5.83 20.10 10.60 8.96 8.17 230 16.13 15.73 2205 9.17 14.53
cy19:0 1194 0 0 0 0 0.09 0 0 0 0 0 0
20:1a 1336 0 o 278 3.86 285 4] 4.31 0 0 11.64 0
20:0 1399 4.19 0 0 0 0 0 0 0 0 0 0
21:0 1575 0.73 0 0 0 0 0 0 0 0 0 0
22:1w9c 1701 0 0 0 0 0 0 0.59 0 0 5.28 0
22:0 1750 1112 0 0 0 0 0 0 V] 0 0.19 0
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
nmnl/odw 018 003 045 017 . 034 0 31 036 030 0.08 nz77 0 06 (ava ndw of 7R QQ)



(12/30/91) SSP Integrated Demonstration Project
Well MHB1V
MOLE %

PLFA INDEX 3 15 27 39 51 63 78 87T 9 111 123 Blk-1
i14:0 319 0.07 0 0 0 ] 0 0 0 o 0 0 0
14:0 368 0.37 0.48 0 0 0.91 0 0 0 0.84 o} 0 0
i15:0 450 10.84 1.63 0 0 0 0 0 0 0 0 0 0
a15:0 472 4.25 0.11 0 0 0 0 0 0 0 0 0 0
15:0 517 0.29 0.80 0 0 0 0 0 0 0 0 0 0
br15:0a 525 2.62 0 0 0 0 0 0 0 0 0 0 0
tr1S:1a 585 0.11 0.03 0 0 0 0 0 0 0 0 0 0
i16:0 620 §.32 0.79 0 0 0 0 0 0 0 0 0 0
316:0 633 0.15 0.13 0 0 0.30 0 0 o 0 0 0 0
16:1w9c 636 0.35 ‘0,04 0 0 0.20 0 0 0 0 0 0 0
16:1w7c 645 1.06 1.29 0.12 ) 0.30 0 0 0 0 0 0 0
16:1w5c 661 0.29 0.04 0 0 0 0 0 0 0 0 0 0
16:0 683 16.45 68.37 77.63 97.66 89.44 98.78 96.14 88.71 80.58 75.78 1.48 100.00
br16:0a 690 1.90 0 0 0 0 0 0 0 0 0 0 o
x16:0b 695 0.74 0 0 0 0 0 0 0 0 0 0 0
brl6:1b 746 0.67 0 0 0 0 0 Y 0 0 0 0 0
br16:0d 753 0.68 0 0 0 0 o 0 0 0 0 0 o
10mel6:0 758 8.71 0 0.06 0 0 0 0 0 0 0 0 0
11me16:0 763 3.65 0 o 0 0 0 0 o 0 0 0 0
bri6:0e m 2.01 0 ] 0 ] 0 0 0 (4] 0 0 o
i17:0 792 5.75 0.06 2.01 0 ] 0 0 (4] 0 0 0 0
al7:0 807 3.76 0.38 0.23 0 0 0 0 0 0 0.39 0 0
17:1w8c 813 0.14 0 0 o 0 0 0 0 0 0 0 0
ov17:0 829 1.27 6.87 0.06 0 0 0 0 1.34 0.19 0 0 0
17:1 843 0.04 0 ] 0 ] 0 0 0 0 0 0 0
17:0 858 0.40 0.72 0.75 0.58 2.41 0 0 0 o 0 0 0
br17:0a 865 12.82 0.13 0 0 0 0 0 0 0 0 0 0
br17:0b 875 075 0 0 o 0 0 0 0 0 0 0 0
10mel7:0 932 0.26 0 0 0 0.10 0 0 0 0 0 0 0
br17:1a 936 0.06 0 0 0 0 0 o 0 0 0 ] 0
briT:1b 942 0.26 0.01 0 0 0 0 0 0 0 0 0 o}
br17:0d 972 0.17 0.0t 0 0 0 0 0 0 0 0 0 0
18:2w6 976 0.18 0.01 0 0 0 0 0 0 0 0 0 0
18:1w09%¢ 988 217 0.72 2.01 0 221 0 0 0 0.51 0 83.58 0
18:1w7c 999 3.00 8.49 3.80 0 0.50 0 0 0 0.39 0 0 0
181wt 1009 0.05 0.01 0 0 0 0 0 o 0 0 0 0
18:1w5¢ 1017 0.03 0 0 0 0 o 0 0 0 0 0 0
18:0 1040 364 4.58 8.17 1.76 3.62 0.91 3.86 9.41 12.67 23.83 14.93 0
10me18:0 1113 1.85 0 0 0 0 0 0 0 0 0 0 0
11me18:0 1117 1.53 0 0 0 0 0 0 0 0 0 0 0
cv19:0 1194 0.84 2.08 o ] ] 0 0 0 0 o 0 0
20:1a 1335 0.32 1.53 4.72 0 0 0.30 0 0.54 3.02 0 0 0
20:0 1402 0.06 0 0 0 0 0 0 0 1.80 0 0 0
21:0 1578 0.03 0.05 0.23 0 0 0 0 0 0 0 0 0
22:11woe 1702 0.07 0.64 0.23 0 0 ] 0 0 0 0 0 0
22:0 1750 0.05 0 0 0 0 ] 0 0 0 0 0 0
24:0 2079 0.02 0 0 0 0 0 0 0 0 0 ] o
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
pmol/gdw 7.43 0.97 0.20 0.02 0.12 0.08 0.03 0.07 0.35 0.04 0.12

0.01 (avg gdw of 90.28)




(12/3091) SP Integrated Demonstration Project
Well MHBSV
MOLE % -

PLFA INDEX 15 27 39 51 63 75 8T % ur 123 135 147 167 179 191 Bik-1 Blk-2  Avg Blks
16:1w7c 643 0 0 0 0 0.91 0 0 0 0.43 (o] 0 0 0 3.08 0 0 0 0
16:0 682 17.16 29.58 36.87 50.00 82.25 7264 23.35 54.44 68.20 66.67 83.79 78.38 24.57 70.51 75.74 0 0 0
cyl7:0 828 0 0 0 0 0 0 0 0 0 0 0 1.50 0 0 6.89 o 0 o
18:2w6 9T 0 0 0 0 0 1.01 0 2.37 1.87 0 0.41 0 /] 0 [} 0 0 G
18:1w0c 988 34.80 22.54 22.35 30.21 7.07 13.28 25.75 21.30 15.25 1.31 7.22 11.41 15.12 12.08 4.26 100.00 100.00 100.00
18:1w7c 1001 15.20 11.97 7.26 5.21 3.44 4.83 7.19 0.59 0.29 0.61 0.54 0.30 7.18 5.62 3.08 0 0 0
18:1wTt 1008 0.98 0 0 [} 0 0 0.60 0 0 0 o 1} 0.57 0 0 4] 0 Y
18:0 1041 31.86 35.92 33.52 14,58 6.34 8.25 431 21.30 13.96 21.41 8.04 8.41 50.66 8.71 10.03 0 0 c
cv19:0 1193 0 0 0 0 0 0 0 0 0 0 0 0 1.89 0 0 0 0 1
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

pmol/gdw 0.01 0.01 0.02 0.01 0.07 0.07 0.02 0.02 0.10 0.05 0.09 0.04 0.07 0.06 0.25 (avg gdw of 91.08)

)
8




(1219/91) SSP Integrated Demonstration Project

Well MHT11C -
MOLE % e
PLFA INDEX 3 15 27 3¢’ 51 €3 75 87 9 11 123 138 147 15¢9* 171 198' Bk -1 Blk -2 Bik-3  AvgBiks
12:0 137 0.01 0 0 [} [} [} 0 [} 0 0 0 0 0 0 0 0 [} 0 [} 0
i13:0 200 0.02 0 0 0 0 0 [} 0 [ [} 0 0 0 0 0 0 o [4 0 ¢
213:0 210 0.00 0 0 ] (4 1} [} 0 0 0 0 0 [ [{] ] 0 [} 0 0 4
13:0 24 0.00 0 [} [} 0 0 0 0 0 [ 0 [} [ 0 0 0 0 0 0 °
i14:0 39 0.85 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 [} ] 0 ¢
14:0 368 0.86 0 3.4 0 0 0 1.03 0 0 0 [} 0 0 - 0 0 0 0 0 4
brid:ls 421 0.07 0 0 [} 0 (] ] 0 0 0 0 0 0 [} 0 0 o 0 ° c
bri4:1b 427 0.02 0 0 0 0 ] [} 0 0 0 0 ] 0 0 0 0 ] [} 0 ¢
bridilc 432 0.02 0 0 0 0 0 0 0 0 0 [ [} [} [} 0 0 0 0 0 c
brid:1d 442 0.02 0 0 0 [ 0 0 0 4} 0 [ 0 (4 0 [ 0 0 0 0 ¢
i15:0 460 12.57 0 0 0 0 0 0 0 0 0 o 1.50 0 0 0 ] 0 0 0 0
215:0 472 7.24 0 [4 0 (] 0 0 0 0 0 0 0 0 0 ° 0 (4 0 [ 0
15:0 516 0.58 [} 1.18 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 [4
br15:0a 528 0.10 [ 0 [ 0 0 [ [} [1} 0 0 0 o 0 0 0 0 o [ c
br15:0b 529 0.07 [} ] [} 0 [ [} 0 0 0 0 0 0 0 0 0 ] [} 0 ¢
br15:0c 592 0.05 0 0 0 0 0 0 0 [} [4 0 (] 0 [} 0 0 0 0 ] ¢
briS:1b 610 0.03 0 0 0 0 o [\ 0 0 0 0 0 0 0 ] 0 0 0 0 °
i16:0 619 a.e 0 0 0 0 0 0 0 0 0 0 0 [ [4 0 0 [} ] 0 c
216:0 633 0.18 0 0 (/] [4 0 [} 0 0 0 0 0 0 0 0 0 0 0 0 ¢
16:1w9¢ . 636 0.20 [4 0 0 0 0 0 0 [} 0 0 0 0 [ 0 0 [ 0 [ [4
16:3w7c 644 228 0 0 0 [ 0 0 0.11 1} 0 0.12 0 0 0 0 [} [} 0 0.85 0.32
16:1w5¢ 661 0.82 0 [ 0 0 1] 0 0 0 0 0 0 0 0 0 0 0 [} 0 (4
16:0 685 20.87 57.76 75.03 81.89 49,46 40.94 75.28 81.08 72.82 39.31 65.56 70.73 44.16 68.01 93.04 74.36 39.18 30.48 49.62 39.76
br16:0a 691 0.13 0 0 [} o ] [} 1} [ [+} 0 o 0 0 0 0 0 [} 0 4
br16:1b 746 247 ] 0 0 0 0 0 0 0 ] 0 0 0 0 0 0 0 0 [} c
10me16:0 758 275 0 [ 0 0 0 0 [} [ [\ ] 0 0 0 [ 0 0 0 0 ¢
br16:0e m 0.13 0 0 [4 0 o 0 0 0 0 0 0 0 0 0 0 ° 0 (] ¢
i17:0 792 1.74 0 0 0 0 0 0 0 0 0 0 [ 0 [V o 0 3} ] 0 c
217:0 806 1.32 0 0 4 ] 0 0 0 0 ] 0 0 0 ] [} 0 0 0 0 [
17:3we 813 0.2 0 ] o [ 0 0 3} [ 4 0 0 0 0 0 0 [+ 0 0 [
170 829 1.37 6.25 1.92 2.80 0 4.09 1.78 076 2.88 23.59 0.79 172 0.87 a.s7 1.23 4.40 2.38 0.76 7.78 6.8
17:0 858 0.52 0 0 [ 0 0 0 0 0 0 0 0 [4 [} 0 0 0 0 1.13 0.3€
br17:0a 864 1.09 3} 0 o 0 0 0 0 o 0 [} 0 0 [} ] 0 0 0 0 0
10me17:0 932 0.24 0 0 0 0 0 0 o ] (] 0 ] 0 0 0 0 [} [ 0 0
bri7:1a 936 0.04 0 0 0 0 0 Q 1} 0 0 ° 0 o 0 0 [ 4] 0 0 [
16:2wé 971 a7s 0 0.26 0 [} 1.75 [ 352 1.19 0 3.47 0 1.73 0 0.18 0 0 0 0 c
18:1w9¢ 990 877 14.66 8.83 6.56 33.75 23,39 8.59 20.36 8.84 15.27 16.26 5.29 27.7% 7.46 1,81 10.07 33.78 34.76 1.02 23.1¢
18:1w7e 1001 8.28 1.29 0.40 1.87 0 4.08 2.63 221 1.78 0 2.67 271 0.43 1.2 0.32 0.73 203 14.63 20.75 1247
18:1wTt 1009 0.04 0 0 0.31 0 0 0 0 0 0 0 0 0 0 0 0 4} 0 0 0
18:1wSc 1018 0.07 o o 0 0 o 0 0 0 0 0 0 0 0 0 0 [} [} 0 ]
18:0 1040 2.99 16.16 8.27 6.76 16.80 15.78 9.68 11.85 12.40 11.83 11.12 15.80 25.11 17.78 2.58 10.44 21.62 10.37 10.78 14.2¢
br19:1 1051 0.80 0 0 [} [} [} 0 [} 0 0 0 [} 0 0 0 0 0 0 0 [
10me18:0 111 0.40 0 0 0 0 0 0 0 0 [} 0 0 0 0 0 0 4] 0 0 4
11me18:0 117 0.20 0 0 0 0 0 [} 1] 0 0 0 0 [ 0 0 0 0 0 0 [
19:1 1168 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1} 0 0 (4
cy19:0 1195 9.26 0.65 0 0 0 9.04 0 0 0 [} 0 215 0 1.58 0.84 [ o ] 6.25 2.0¢
20:4w6 1269 0.88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [} 0 c
20:5w3 1280 0.01 [ 0 0 0 0 0 [} 0 0 0 0 0 [} 0 0 o [} [} 4
20:1b 1351 0.28 an [+ 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 1.72 0.57
20:0 1402 0.18 [} 0 0 0 0 0 [ 1} 0 0 0 0 [} [4 0 [} 0 0 ¢
20:1w9¢ 1341 0.02 [ 0 0 0 1} ] [} 0 0 0 0 [} [4 [} 0 0 [} 0 0
21:0 1578 0.03 0 [ [} 0 [ 0 0 0 0 0 0 4 0 0 0 [} 0 0 4
22 1750 0.13 [ 0 ] 0 0 0 [} 0 0 (] [} 0 0 [} [4 0 0 0 0
23:0 1917 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 4
24:0 2079 0.09 0 0 0 0 0 ] 0 0 3} 0 0 0 [} 0 0 4} 1} 0 4
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.0C
pmol/gdw 654,20 0.05 0.14 0.13 0.11 0.03 0.13 0.66 0.11 0.05 0.42 0.24 0.03 0.08 0.18 0.06 {avg. gdw of 101.21) 0.1¢



(12/30/91) SSP Integrated DemonstrationProject
Well MHB12C
MOLE %

PLFA INDEX 2r 30 41 61 Blk
16:0 681 70.67 55.17 77.95 46.25 64.33
cyl7:0 828 0 4.14 3.59 6.25 1.67
18:2wb6 974 0 0 1.08 0 0
18:1w9c 985 17.33 33.79 9.23 33.75 12.33
18:1w7c 998 8.00 2.76 1.54 1.25 14.33
18:0 1039 4.00 4.14 6.67 12.50 7.33
Total 100.00 100.00 100.00 100.00 100.00
pmol/gdw 0.02 0.03 0.06 0.02 0.11 (avg gdw of 81.36)



Appeatic (5

_ TCE PCE
Well Surface Depth concentration concentration

Well ID Elevation Elevation (ft) (ug/g) (ug/g)
MHB-1T 359.8 3628 3 0.002 0.002
MHB-1T 355.8 7 0.002 0.002
MHB-1T 351.8 11 0.002 0.002
MHB-1T 347.8 15 0.002 0.002
MHB-1T 343.8 19 0.021 0.002
MHB-1T 339.8 23 0.004 0.002
MHB-1T 3358 27 0.029 0.002
MHB-1T 3278 35 0.002 0.002
MHB-1T 323.8 39 0.039 0.002
MHB-1T 317.8 362.8 45 0.544 0.729
MHB-1T 313.8 49 0.071 0.040
MHB-1T 300.8 53 0.091 0.050
MHB-1T 301.8 61 0.077 0.034
MHB-1T 297.8 65 0.064 0.019
MHB-1T 293.8 69 0.084 0.021
MHB-1T 289.8 73 0.010 0.002
MHB-1T 285.8 77 0.051 0.012
MHB-1T 271.8 85 0.010 0.002
MHB-1T 273.8 89 0.010 0.002
MHB-1T 269.8 93 6.170 1.548
MHB-1T 265.8 97 1.617 0.491
MHB-1T 257.8 105 0.002 0.002
MHB-1T 253.8 109 0.014 0.002
MHB-1T 247.8 115 0.021 0.002
MHB-1T 243.8 119 0.005 0.002
MHB-1T 239.8 123 0.167 0.002
MHB-IT 235.8 127 0.002 0.002
MHB-1V 339.5 3625 23 0.002 0.002
MHB-1V 3355 27 0.037 0.002
MHB-1V 3315 31 0.120 0.010
MHB-1V 3275 35 0.105 0.002
MHB-1V 3235 39 0.519 0.383
MHB-1V 319.5 43 0.005 0.002
MHB-1V 3155 47 0.002 0.002
MHB-1V 311.5 51 0.002 0.002
MHB-1V 307.5 55 0.003 0.002
MHB-1V 303.5 59 0.029 0.002
MHB-1V 299.5 63 0.075 0.002
MHB-1V 295.5 67 0.127 0.002
MHB-1V 243.5 119 0.669 0.002
MHB-1V 239.5 123 0.002 0.002
MHB-1V 2355 127 0.002 0.002
MHB-2T 362 365 3 0.002 0.002
MHB-2T 310 55 0.131 0.002
MHB-2T 306 59 0.140 0.002




MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-2T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T
MHB-3T

302

298

294

290

286

282

278

274

270

266

3584
3544
350.4
346.4
3424
338.4
3344
330.4
326.4
3224
3184
314.4
3104
306.4
3024
298.4
294.4
2904
286.4
2824
2784
274.4
270.4
266.4
2644
262.4
260.4

2584

256.4
2544
2524
2504
248.4
246.4
244.4
242.4
240.4
2384
236.4

3634

3634

63
67
7
75
79
83
87
91
95

13
17
21
25
29
33
37
41
45
49
53
57
61
65
69
73

81
85
89
93
97

101
103
105

107

109
111
113
115
117
119
121
123
125
127

0.002
0.048
0.022
0.056
0.051
0.054
0.745
0.091
0.035
2.299
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.149
0407
0.011
0.010
0.020
0.053
0.034
0.142
0.002
0.022
0.002
0.002
0.013
3.119
0.576
0.183
0.991
0415
5.515
1.952
1.348
1438
0.003
0.106
0.589
1.834
0.002
0.029
0.029
0.026

0.002
0.002
0.002
0.002
0.002
0.002
0.336
0.002
0.002
0.456
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.016
0.004
0.087
0.129
0.002
0.004
0.010
0.016
0.028
0.029
0.002
0.007
0.002
0.002
0.002
1.119
0.165
0.002
0.227
0.045
1.146
0.668
0.277
0.002
0.002
0.002
0.037
0.113
0.002
0.002
0.002
0.002




2344
2284
2234
2194
2154
2114
207.4
203.4
1994
1954
1914
187.4
183.4
179.4
175.4
171.4
1674
163.4

365.2
365.2
361.2
361.2
357.2
357.2
353.2

3634

3634

368.2
368.2

129
135
140
144
148
152
156
160
164
168
172
176
180
184
188
192

0.010
0.002
0.002
0.002
0.002
0.019
0.002
0.009
0.091
0.056
0.187
0.033
0.138
0.798
3433
3.963
4.167
0.810
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.017
0.003
0.039
0.002
0.096
0.002
0.006
0.003
0.062
0.136
0.034
0.267
0.007
0.008
0.002
0.015
0.015
0.002
0.002
0.002
0.002
0.002
0.002

0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.010
0.007
0.023
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.036
0.027
0.058
0.040
0.037
0.093
0.066
0.155
0.016
0.015
0.003
0.014
0.002
0.002
0.002

0.002 -

0.002
0.002
0.002




MHBAT
MHB-4T
MHBA4T
MHB-4T
MHB-4T
MHB-4T
MHB-4T
MHB-4T
MHB-4T
MHBA4T
MHB-4T
MHB-4T
MHB-4T
MHB-A4T
MHB-4T
MHB-4T
MHB-4T
MHB-4T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T

353.2
349.2
349.2
345.2
345.2
341.2
341.2
279.2
2752
271.2
267.2
263.2
259.2
253.2
249.2
245.2
2412
239.2
361.8
357.8
353.8
349.8
345.8
341.8
337.8
337.8
333.8
329.8
325.8
3218
317.8
313.8
309.8
305.8
301.8
297.8
293.8
289.8
285.8
281.8
277.8
273.8
269.8
265.8
261.8
257.8
253.8
249.8
245.8

364.8

364.8
364.8

15
19
19
23
23
27
27
89
93
97
101
105
109
115
119
123
127
129

11
15
19
23
27
27
31
35
39
43

47

51
55
39
63
67
71
75
9
83
87
91
95

103
107
111
115
119

0.002
1.772
0.002
1.371
0.002
0.002
0.002
0.002
0.002
0.537
0410
0.014
1.094
0.029
0.002
0.002
0.257
0.465
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.013
0.015
0.029
0.027
0.042
0.021
0.048
0.074
0.191
0.070
0.031
0.055
0.018
0.024
2.109
3.164
0.245
0.040
5.568
4.758
0.529
0.601

0.002
0.645
0.002
0.488
0.002
0.002
0.002
0.002
0.002
0.452
0.066
0.002
0.019
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.003
0.002
0.013
0.005
0.013
0.021
0.056
0.022
0.008
0.015
0.003
0.005
0.714
0.878
0.065
0.021
0.860
0.675
0.002
~0.013




MHB-ST
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T
MHB-5T

MHB-5T
MHB-5V
MHB-5V

MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V
MHB-5V

241.8
237.8
233.8
229.8
225.8
221.8
217.8
213.8
209.8
205.8
354

350

342
338
334
330
326
322
318
314
310
306
302
298
294
290
286
282
278
274
270
266
262
258
254
250
246.2
2422
238.2
234.2
230.2
226.2
2222
218.2
214.2
202.2
198.2
194.2

369

369.2

3692

123
127
131
135
139
143
147
151
155
159
15
19
23
27
31
35
39
43
47
51
55
59
63
67
71
75
9
83
87
91

95

103
107
111
115
119
123
127
131
135
139
143
147
151
155
167
171
175

0.184
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.026
0.002
0.002
0.002

0.002 .

0.002
0.002
0.002
0.002
0.002
0.003
0.002
0.002
0.002
0.029
0.006
0.023
0.120
0.002
0.002
0.002
0.002
0.328
2.591
1.575
3.509
6.024
4.091
1.561
1.147
0.897
1.295
0.015
0.010
0.010
0.002
0.003
0.045
0.117
0.390

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.004
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.067
0.164
0.103
0.166
0.817
0.075
0.169
0.004
0.020
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.026
0.029




190.2
186.2
182.2
178.2
174.2
170.2
362
360
358
354
350.0
346.0
342.0
338.0
334.0
330.0
327.0
326.0
3220
318.0
314.0
310.0
306
302
298
294
290
286
282
278
274
270
266
262
258.0
258
254.0
254
250.0
250
246.0

2420
242

363.8
359.8
355.8
351.8
347.8

369

369.0

369

369

366.8

179
183
187
191
195
199

11
15
19
23
27
31
35
39
42
43

47

51
55
59
63
67
71
75
79
83
87
91

95

103
107
111
111
115
115
119
119
123
123
127
127

11
15
19

0.091
2.095
0.110
2.891
1.545
0.079
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.031
0.015
0.002
0.002
0.021
0.002
0.006
0.022
0.037
0.024
0.017
0.002
0.002
0.002
0.002
1.657
0.063
1377
0.005
6.294
0.021
0.053
0.037
2.819
0.012
0.433
0.002
0.049
0.002
0.002
0.002
0.002
0.002

0.002
0.019
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.596
0.002
0.555
0.002
0.823
0.002
0.002
0.002
0.040
0.002
0.015
0.002
0.002
0.002
0.002
0.002
0.002
0.002




343.8
339.8
3358
331.8
327.8
3238
319.8
315.8
311.8
307.8
303.8
299.8
295.8
291.8
287.8
283.8
279.8
275.8
271.8
267.8
263.8
259.8
255.8
251.8
247.8
235.8
228.8
225.8
222.8
219.8
215.8
2118
207.8
205.8
199.8
195.8
1928
188.8
177.8
173.8
167.8
343.7
339.7
335.7
331.7
3277
323.7
319.7
315.7

366.8

366.8

368.7

23
27
31
35
39
43
47
31
55
59
63
67
71
75
79
83
87
91
95

103
107
111
115
119
131
138
141
144

147

151
155
159
161
167
in
174

178 -

189
193
199

29
33
37
41
45
49
53

0.002
0.002
0.002
0.002
0.002
0.010
0.007
0.004
0.011
0.011
0.007
0.034
0.060
0.002
0.024
0.005
0.002
0.043
0.884
0.002
3.407
0.010
0.069
0.183
0.002
0.130
0.041
0.002
0.002
0.002
0.004
0.002
0.002
0.002
0.002
0.039
0.002
0.004
4.560
2.630
0.487
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.020
0.015
0.005
0.024
0.027
0.016
0.121
0.235
0.002
0.032
0.003
0.002
0.050
0.101
0.002
0.186
0.002
0.002
0.005
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002




MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHB-8T
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B

311.7
307.7
303.7
299.7
295.7
291.7
287.7
283.7
279.7
275.7
2717
268.7
267.7
263.7
259.7
255.7
251.7
247.7
243.7
239.7
2357
231.7
227.7
2237
219.7
215.7
211.7
207.7
203.7
199.7
195.7
191.7
187.7
179.7
175.7
171.7
353.3
349.3
3453
341.3
3373
3333
329.3
325.3
321.3
317.3
313.3
309.3
305.3

368.7

368.7

368.3

57
61
65
69
73
77
81
85
89
93
97
100
101
105
109
113
117
121
125
129
133
137
141
145
149
153
157
161
165

169

173
177
181
189
193
197
15
19
23
27
31
35
39
43
47
51
55
59
63

0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.005
0.018
0.055
0.010
2233
1412
0.127
0.002
0.015
0.002
0.002
0.002
0.012
0278
0.023
0.015
0.014
0.154
0.066
0.034
0.009
0.009
0.041
0.651
0.024
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.003
0.019
0.002
0.016
0.002
0.010

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.044
0.023
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.005
0.002
0.002
0.002
0.002
0.028
0.012
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
6.406
0.002
0.005
0.002
0.004




MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-10B
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C

301.3
297.3
293.3
289.3
285.3
281.3
277.3
2733
269.3
265.3
261.3
2573
2533
251.3
2493
247.3
2453
241.3
2373
233.3
229.3
225.3
2233
2213
221.3
217.3
217.3
2133
213.3
199.3
199.3
197.3
197.3
193.3
193.3
185.3
185.3
1773
177.3
173.3
173.3
169.3
169.3
362.8
358.8
354.8
350.8
346.8
342.8

368.3
368.3

368.3

365.8

67
71
75
79
83
87
91
95

103
107
111
115
117
119
121
123
127
131
135
139
143
145
147
147
151
151
155
155
169

169

171
171
175
175
183
183
191
191
195
195
199
199

11
15
19

0.030
0.004
0.006
0.002
0.002
0.002
0.003
0.294
0.207
0919
2.394
0.013
0.002
0.016
0.021
0.157
0.778
0413
0.008
0.081
0.296
0.147
0.103
0.002
0.002
0.002
0.002
0.037
0.126
0.002
0.006
0.002
0.002
0.002
0.025
0.002
0.021
0.050
0.157
0437
0.437
0.165
0.165
0.002
0.002
0.002
0.002
0.002
0.004

0.021
0.003
0.004
0.002
0.002
0.002
0.002
0.052
0.017
0.045
0.056
0.002
0.002
0.002
0.002
0.002
0.012
0.005
0.002
0.002
0.005
0.002
0.035
0.002
0.002
0.002
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.166
0.228
0.018 -
0.025
0.015
0.064



MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-11C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C

338.8
334.8
330.8
326.8
322.8
318.8
314.8
310.8
306.8
302.8
298.8
294.8
290.8
286.8
282.8
278.8
274.8
270.8
270.8
266.8
262.8
258.8
254.8
250.8
246.8
2428
238.8
234.8
230.8
226.8
2228
218.8
214.8
347

343

339

335

331

327

319

315

31

307

303

299

294.5
290.5
286.5
2825

365.8

365.8

368

367.5

27
31
35
39
43
47
51
55
59
63
67
71
75
79
83
87
91
95
95

103
107
111
115
119
123
127
131
135
139
143
147
151
21
25
29
33
37
41
49
53
57
61
65
69
73

81
85

0.006
0.018
0.665
3.999
4.179
0.762
0.267
0.278
0.127
1.174
0.699
0.049
0.042
0.139
0.224
0.005
0.003
5.002
6.173
1.169
0.036
2.505
1.966
2.593
0.101
0.006
2.044
0.081
0.035
0.318
0.022
0.403
0.748
0.007
0.008
0.008
0.008
0.008
0.005
0.002
0.004
0.005
0.009
0.021
0.045
0.002
0.006
0.002
0.002

0.280
0.392
0.543
1.136
1.273
0.417
0.138
0.162
0.051
0.792
0.302
0.015
0.017
0.070
0.127
0.002
0.003
1.029
1.149
0.060
0.002
0.533
0.105
0.712
0.002
0.002
0.087
0.002
0.002
0.002
0.002
0.002
0.002
0.017
0.018
0.018
0.018
0.019
0.011
0.002
0.002
0.002
0.003
0.020
0.073
0.002
0.008
0.002
0.002



MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MTH-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-12C
MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

MHT-9B

278.5
274.5
270.5
266.5
262.5
258.5
254.5
250.5
247.5
230.5
226.5
2225
218.5
214.5
206.5
202.5
202.5
198.5
198.5
194.5
194.5
186.5
186.5
182.5
182.5
179.5
179.5
178.5
178.5
174.5
174.5
170.5
170.5
167.5
167.5
352.2
348.2
3442
340.2
335.9
331.9
327.9
323.9
319.9
3159
311.9
307.9
303.9
299.9

367.5

367.5

367.5

3672

366.9

89

93

97
101
105
109
113
117
120
137
141
145
149
153
161
165
165
169
169
173
173
181
181
185
185
188
188
189
189
193

193

197

197

15
19

27
31
35
39
43
47
51
55
59
63
67

0.127
0.673
1.459
1.336
0.170
0.027
0.074
0.005
0.002
0.063
0.003
0.002
0.002
0.004
0.002
0.093
0.093
0.002
0.002
0.002
0.002
0.021
0.021
0.137
0.137
0.580
0.580
1.163
2.860
0414
1.030
0.919
2.266
0.663
1.650
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.004
0.004
0.005
0.012
0.037
0.002

0.415
0.034
0.047
0.029
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.149
0.149
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.004
0.003
0.005
0.016
0.089
0.002




MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-SB
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B
MHT-9B

295.9
2919
287.9
283.9
279.9
2759
2719
26719
263.9
2599
255.9
2519
247.9
2439
2439
235.9
235.9
2319
2319
2279
2279
223.9
2239
219.9
219.9
215.9
215.9
2119
211.9
207.9
207.9
203.9
203.9
199.9
199.9
195.9
195.9
191.9
191.9
187.9
187.9
183.9
183.9
179.9
179.9
175.9
175.9
1719
171.9

366.9
366.9

366.9

71
75
79
83
87
91
95

103
107
111
115
119
123
123
131
131
135
135
139
139
143
143
147
147
151
151
155
155
159
159
163
163
167
167
171
171
175
175

179

179
183
183
187
187
191
191
195
195

0.002
0.002
0.002
0.002
0.179
0.031
0.008
1.367
0.003
0.104
0.002

0.002

0.002
0.002
0.002
0.063
0.063
0.037
0.037
0.016
0.016
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.003
0.003
0.048
0.002
0.006
0.016
0.055
0.002
0.064
1.480
3.633
1.172
2.883
1.283
3.154

0.002
0.002
0.002
0.002
0.281
0.002
0.002
0.031
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.041
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-1T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-1T PCE CONCENTRATION

II'

1
Tetrachloroethylene (ug/g)




Elevation (ft)

350

330

310

290

270

250

230

210

190

170

150

MHB-1V PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

350

330

310

290

270

250

230

210

190

170

150

MHB-1V TCE CONCENTRATION

Trichloroethylene (ug/g)



Elevation (ft)

370

350

330

310

290

2760

250

230

210

190

170

150

MHB-2T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-2T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-3T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-3T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-4T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-4T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-5T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-5T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-5V PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-5V TCE CONCENTRATION

3 4
Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-6T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-6T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-7T PCE CONCENTRATION

1
Tetrachloroethylene (ug/g)




Elevation (ft)

370

350

330

310

290

270

250

230

210

190

170

150

MHB-7T TCE CONCENTRATION

Trichloroethylene (ug/g)




Elevation (ft)

350

330

310

290

270

250

230

210

190
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Table 1. Pretest Volumes of Contaminated Material within Individual Isoconcentration Shells

Contour Units = cubic feet
Interval zltce Z2tce Z3tce zlpce z2pce Z3pce
(ppb) <0.0025 1,332,439 43,667 18,372 1,504,172 183,404 1,177,205
0.005 486,324 74,590 20,161 681,061 417,686 291,398
0.01 413,587 113,223 39,270 617,506 244,774 202,583
0.025 574,521 212,859 152,532 730,753 188,485 147,088
0.05 459,167 127,511 229,418 514,335 109,108 3,103
0.1 460,004 124,860 265,090 444,748 70,014 0
0.25 548,274 186,755 285,930 528,206 51,974 0
0.5 358,262 133,382 178,041 324,006 0 0
1 353,060 123,694 157,312 256,953 0 0
2.5 409,214 124,903 160,575 181,317 0 0
5 237,722 0 95,284 50,676 0 0
10 173,493 0 91,692 44,266 0 0
25 73,528 0 127,692 4,680 0 0
>25 651 0 0 0 0 0
Contour Units = cubic meters
Interval zltce 22tce 23tce zlpce z2pce z3pce
(ppb) <0.0025 37,730 1,237 520 42,593 5,193 33,335
0.005 13,771 2,112 571 19,285 11,828 8,251
0.01 11,711 3,206 1,112 17,486 6,931 5,737
0.025 16,269 6,027 4,319 20,693 5,337 4,165
0.05 13,002 3,611 6,496 14,564 3,090 88
0.1 13,026 3,536 7,507 12,594 1,983 0
0.25 15,525 5,288 8,097 14,957 1,472 0
0.5 10,145 3,777 5,042 9,175 0 0
1 9,998 3,503 4,455 7,276 0 0
25 11,588 3,537 4,547 - 5,134 0 0
5 6,732 0 2,698 1,435 0 0
10 4,913 0 2,596 1,253 0 0
25 2,082 0 3,616 133 0 0
>25 18.43 0 0 0 0 0




Table 2. Pretest Estimated Mass of TCE and PCE (kg) by Isoconcentration Shell

Contour m(kg)=C*V*B
Interval zltce Z2tce Z3tce zlpce z2pce z3pce
<0.0025
0.005 0 0 0 0 0 0
0.01 0 0 0 0 0 0
0.025 ] 0 0 1 0 0
0.05 1 0 0 1 0 0
0.1 2 1 1 2 0 0
0.25 4 2 3 4 0 0
0.5 6 3 4 6 0 0
1 12 5 6 9 0 0
25 32 12 15 14 0 0
5 40 0 19 9 0 0
10 59 0 37 15 0 0
. 25 58 0 120 4 0 0
(ppb) >25 1 0 0 0 0 0
(kg) Totals 216 22 206 63 1 0

Table 3. (a) Pretest Model Parameters and Assumed Values Used in Mass Calculations and (b) Solvent Totals by Zone

(a) Grid Size: 23 x18x 71
Grid Boundaries: 48725, 49050, 102650, 102900, 160, 365
z-influence factor: 0.001
Bounding surfaces
* Zone 1: topographic surface, water table
* Zone 2: water table, green clay
» Zone 3: green clay, 160-ft elevation
Lateral clipping: Posthw.ply
Bulk Density: 1.6 for vadose, 1.9 for saturated
Porosity: 40%

(b) Totals TCE PCE TCE PCE
(kg) (kg (ib) (Ib)
Unsaturated 216 63 477 140
Saturated Above Gr. Clay 22 1 49 3
Saturated Below Gr. Clay 206 0 454 1
Total Saturated 228 2 503 4
Total 444 65 980 144
Total solvents in Zones 1,2 and 3 (Ib) 1,123

Total solvent removed in in situ air stripping test (ib) 16,000




Table 1. Post-test Volume of Contaminated Material within Individual Isoconcentration Shells

Units = cubic feet

Contour
Interval zltce 22tce z3tce z1lpce 22pce zZ3pce
(ppb) <0.0025 1,332,439 2,969,916 63,377 1,988,003 4,204,968 1,032,140
0.005 880,572 265,053 72,771 1,128,004 1,678,596 283,521
0.01 639,651 302,949 110,458 745,563 0 154,095
0.025 716,570 412,929 146,574 780,144 0 172,227
0.05 546,944 339,184 134,927 418,963 0 95,352
0.1 516,577 271,981 141,320 286,247 0 56,703
0.25 460,813 287,991 202,467 257,520 0 27,325
0.5 260,991 210,724 177,639 124,711 0 0
1 205,706 822,836 215,057 90,431 0 0
2.5 189,939 0 352,696 61,403 0 0
5 86,159 (4] 174,955 0 0 0
10 41,171 0 28,940 0 0 0
25 1,997 0 0 0 0 0
>25 0 0 0 0 0 0
Units = cubic meters
Contour
Interval zltce z2tce z3tce zlpce z2pce Z3pce
(ppb) <0.0025 37,730 84,099 1,795 56,294 119,071 29,227
0.005 24,935 7,505 2,061 31,942 47,533 8,028
0.01 18,113 8,579 3,128 21,112 0 4,363
0.025 20,291 11,693 4,151 22,091 0 4,877
0.05 15,488 9,605 3,821 11,864 0 2,700
0.1 14,628 7,702 4,002 8,106 0 1,606
0.25 13,049 8,155 5,733 7,292 0 774
0.5 7,390 5,967 5,030 - 3,531 0 0
1 5,825 23,300 6,090 2,561 0 0
2.5 5,378 0 ' 9,987 1,739 0 0
5 2,440 0 4,954 0 0 0
10 1,166 0 819 0 0 0
25 57 0 0 0 0 0
>25 0 0 0 0 0 .0




Table 2. Post-test Estimated Mass of TCE and PCE (kg) by Isoconcentration Shell

mkg)=C*V*B

Contour
Interval zltce z2tce z3tce zlpce z2pce z3pce
<0.0025
0.005 0.15 0.05 0 0.19 0.34 0
0.01 0.22 0.12 0 0.25 (] 0
0.025 0.57 0.39 0 0.62 0 0
0.05 0.93 0.68 0 0.71 0 0
0.1 1.76 1.1 1 0.97 0 0
0.25 3.65 2.71 2 2.04 ] 0
0.5 4.43 4.25 4 2.12 0 0
1 6.99 332 9 3.07 0 0
2.5 15.06 0 33 4.87 0 0
5 14.64 0 35 0 t] 0
10 13.99 0 12 0 0 0
25 1.58 0 0 0 0 0
(ppb) >25 0 0 0 0 0 0
(kg) Totals 63.97 43 95 15 0.34 1

Table 3: (a) Post-test Model Parameters and Assumed Values Used in Mass Calculations and (b) Solvent Totals by Zone

@

(b)

Grid Size: 23 x18x 71

Grid Boundaries: 48725, 49050, 102650, 102900, 160, 365

z-influence factor: 0.001

Bounding surfaces

* Zone 1: topographic surface, water table

* Zone 2: water table, green clay

Lateral clipping: posthw.ply

Bulk Density: 1.6 for vadose, 1.9 for saturated

Porosity: 40%

Totals TCE PCE TCE PCE

(kg) (kg) (Ib) (Ib)

Unsaturated 64 15 141 33

Saturated Above Gr. Clay 43 0 94 1

Saturated Below Gr. Clay 95 1 210 2

Total 202 16 445 36
Total solvents estimated from pretest sediments 1,123
Total solvent removed in offgas (Ib) 16,000
Total solvents estimated from post-test sediments 481
Percent solvent (1b) removed from sediment during test 57




